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DESCRIPTION 




iQCK DEINTERT.FAVTjjG APPARATUS, 



BLOgE-TPTEFT-^ AVlNG METHOD, Attn RT.Df.K DF, INTERLE AVING METHOD 



TECHNICAL FIELD 

The present invention relates to a block interleaving 
apparatus, a block deinterleaving apparatus, a block interleaving 
method, and a block deinterleaving method, which are required for 
digital transmission such as satellite broadcasting, ground wave 
broadcasting, or cable broadcasting, and for reading and writing 
of a storage unit such as a hard disk. 

BACKGROUND ART 

Block interleaving is effective as a countermeasure against 
burst errors. 

Hereinafter, block interleaving will be described taking 
satellite broadcasting as an example. A radio wave from a 
broadcast station on earth is transmitted to a satellite, relayed 
by the satellite, and received by a satellite broadcast receiver 
provided at home. 

The radio wave, which is transmitted from the broadcast 
station through the satellite to home, might be subjected to 
interference by thunder, rain or the like in the transmission 
path. While the radio wave is subjected to such interference, 
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errors occur in data. These errors are called "burst errors". 

In digital transmission, since information for error 
correction has already been added to the original data, errors 
can be corrected so long as the errors are within a predetermined 
number of bits in each segment. However, continuous errors such 
as burst errors cannot be corrected. 

So, data to be transmitted is temporally dispersed in 
advance (a method for this data dispersion is block interleaving) , 
whereby, even if burst errors occur during transmission, these 
burst errors are also dispersed when the temporal positions of 
the dispersed data are recovered at the receiving end (a method 
for this recovery is block deinterleaving) and, in each data 
block, the burst errors can be limited within a number of bits 
which can be corrected. 

When performing such block interleaving and block 
deinterleaving, two planes of storage units, each having a 
storage area of 1 block (LXm data) originally, are required, and 
writing and reading are alternately repeated on these storage 
units. Japanese Published Patent Application No. Hei. 8-511393 
discloses block interleaving and block deinterleaving which can 
be realized with reduced circuit scale and reduced power 
consumption . 

Figure 13 is a diagram schematically illustrating the 
operation of the conventional block interleaving, wherein, for 
simplification, block interleaving is performed on 4 rows X 5 



columns of data. 

Assuming that addresses of a storage unit of a block 
interleaving apparatus are allocated as shown in figure 13 (a) , 
initially, an address increment REG is set at 1, and data are 
sequentially written in the order ofO-1-2-....- 19, i.e., 
in the order as the address increments one by one. Next, as 
shown in figure 13(b), data are read out in the order as the 
address increments five by five. That is, the REG is multiplied 
by 5, and an address which increments by 5 at every data input is 
successively generated with address 0 shown in figure 13(a) being 
an initial value. At this time, when the address exceeds 19 (=4 
X5-1), the remainder over 19 is used as an address. Then, 
according to the addresses generated under this address 
generation rule, initially, the data which have already been 
written as shown in figure 13(a) are read out in the order of the 
generated addresses as shown in figure 13(b) and, after the 
readout is completed, data are written in the same addresses and 
in the same order as those for the data reading shown in figure 
13(b) . 

Next, as shown in figure 13(c), the REG is multiplied by 5, 
and when the value (=25) exceeds 19, the remainder over 19 is 
used as the value of REG. 

Then, using the address arrangement shown in figure 13(a) as 
a reference and address 0 as an initial value, an address which 
increments by 6 (=25-19) for every input data is successively 
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generated as shown in figure 13(c) and, when the address exceeds,-^ 
19 (=4X5-1), reading is carried out using the remainder over 19 
as an address. After the reading is completed in figure 13(c), 
data are written in the same addresses and in the same order as 
those for the reading. 

Thereafter, by repeating the same process as described above, 
reading is carried out in different address orders, and writing 
is performed on the same addresses and in the same order as those 
for the reading, whereby, in this example, the address order 
returns to that of figure 13(a) at the point of time shown in 
figure 13 ( j ) . 

By repeating the above-described procedure, it is possible 
to perform block interleaving using a RAM 202 having a storage 
area of one block (LXm data), as shown in figure 14. The block 
interleaving is realized by contriving, as described above, the 
writing/reading control by the RAM control apparatus 200 and the 
addresses generated by the address generation unit 201. 

The address generation rule employed in the conventional 
block interleaving apparatus is as follows. 

That is, assuming that the n-th address is Ab(n), the number 
of rows of the storage unit is L, the number of columns is M, b 
is an integer not less than 0, and x is an arbitrary integer not 
less than 0 and not larger than b, 



Ab(n)=(Ab(n-l)+M** (b-x) )mod(LXM-l) 



. - . (1) 



Further, 




REG=(M** (b-x)Jmod(LXM-l) 
wherein Ab(0) is 0, and M**(b-x) indicates the (b-x)th power of M. 

Further, block deinterleaving is performed as follows on the 
data which have been subjected to the above-described block 
interleaving. Assuming that addresses of a storage unit of a 
block deinterleaving apparatus are allocated as shown in figure 
13 (k), initially, the REG is set at 1, and data are sequentially 
written in the addresses in the order of 0 — 1 — 2 ... - 19/ 
i.e., according to the one-by-one increment of the addresses. 
Next, as shown in figure 13(1), the data are read out according 
to four-by-four increment of the addresses. That is, the REG is 
multiplied by 4, and an address which increases by 4 for every 
input data is sequentially generated, with address 0 shown in 
figure 13 (k) being an initial value. At this time, when the 
address exceeds 19 (=4X5-1), the remainder over 19 is used as an 
address. Then, according to the addresses generated under this 
address generation rule, initially, the data which have already 
been written as shown in figure 13 (k) are sequentially read out 
in the order of the generated addresses as shown in figure 13(1). 
After the readout has been completed, data writing is performed 
on the same addresses and in the same order as those for the 
readout shown in figure 13(1). 

Next, as shown in figure 13 (m) , the REG is multiplied by 4, 
and when the product exceeds 19, the remainder over 19 is used as 
the value of REG. In this case, since the REG value 16 is 
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smaller than 19, this value 16 is used as it is. 

Then, an address which increments by 16 for every input data 
is sequentially generated by using the address arrangement shown 
in figure 13 (Jc) as a reference, and address 0 as an initial value, 
and when the address exceeds 19 (=4X5-1), reading is carried out 
using the remainder over 19 as an address. After the reading has 
been completed in figure 13 (m), data are written in the same 
addresses and in the same order as those for the reading. 

By repeating the same process as above, reading is 
sequentially carried out in different address orders, and writing 
is performed on the same addresses and in the same order as those 
for the reading, whereby the address order returns to that shown 
in figure 13 (k) at the point of time shown in figure 13 (t). 

By repeating the above-described procedure, it is possible 
to perform block deinterleaving by using a RAM 202 having a 
storage area of one block (LXm data), as shown in figure 14. 
This block deinterleaving is realized by contriving, as described 
above, the writing/reading control by the RAM control apparatus 
200 and the addresses generated by the address generation unit 
201. 

The address generation rule employed in the conventional 
block deinterleaving apparatus is as follows. 



Ab (n) = (Ab (n-1) +L** (b-x) )mod(L><M-l) 



■ . - (2) 



Further, 



REG= ( L* * (b-x ) ) mod ( L X M- 1 ) 



wherein Ab (0) is 0 . 

In formula (2), M in formula (1) is changed to L. 

The conventional block interleaving apparatus and block 
deinterleaving apparatus are constructed as described above, and 
these apparatuses can perform block interleaving and block 
deinterleaving by using only one storage unit having a storage 
area corresponding to one block, whereby reduced circuit scale 
and low power consumption are realized. 

However, the conventional block interleaving apparatus and 
block deinterleaving apparatus are desired to be smaller in scale 
and lower in power consumption with regard to the cost and power 
consumption and, therefore, further reductions in circuit scale 
and power consumption are desired. 

The present invention has for its object to provide a block 
interleaving apparatus, a block deinterleaving apparatus, a block 
interleaving method, and the block deinterleaving method, which 
can realize further reduction in circuit scale and further 
reduction in power consumption, by optimizing control units for 
storage units. 



DISCLOSURE OF THE INVENTION 

A block interleaving apparatus according to Claim 1 of the 
present invention comprises: a storage means to which (LXm) 
pieces of addresses are allocated (L,M: integers, 2<L,M); an 
address generation means for generating addresses for writing ar 



reading blocks, each block having (LXM) pieces of data as a unit 
to be subjected to. block interleaving, in/from the storage means; 
and a control means for controlling the storage means so that the 
storage means switches the operation between the data writing and 
the data reading, by using the addresses generated by the address 
generation means; and the address generation means comprises: a 
multiplication means for generating the product of a (a: integer, 
2^ ) and M (b "° (x: integer, 0<x<b, b: integer, O^b) , every time a 
block of a block number b is inputted; a first overflow 
processing means having a first comparison means for comparing 
the product obtained by the multiplication means with a 
comparison reference value LXm-1, and subtracting, as much as 
possible, the LXm-1 from the product on the basis of the result 
of the comparison to suppress overflow of the product, thereby 
outputting an address increment value REG corresponding to of the 
block having the block number b; an addition means for 
successively adding the (n-l)th (n: integer, l<n<LXM-l) address 
Ab(n-l) of the block having the block number b, to the address 
increment value REG outputted from the first overflow processing 
means, every time the block of the block number b is inputted, 
thereby successively generating the n-th address Ab(n) in the 
block of the block number b; and a second overflow processing 
means having a second comparison means for comparing the sum 
obtained by the addition means with the comparison reference 
value LXm-1, and subtracting, as much as possible, the LXm-1 



from the sum on the basis of the result of the comparison to 
suppress overflow of the sum, thereby outputting an address to be 
actually supplied to the storage means; wherein, when the first 
comparison means compares the product obtained by the 
multiplication with the comparison reference value lXm-1, the 
first comparison means employs, as a comparison reference value 
instead of the LXm-1, the minimum value A which exceeds the LXM- 
1 and is included in the product. 

In the block interleaving apparatus according to Claim 1 of 
the present invention, since the above-described address 
generation is carried out when writing or reading data in/from 
the storage means, block interleaving operation on a single plane 
of the storage means having a storage area of one block is 
realized, and the circuit scale of the address generation means 
is reduced. 

A block interleaving apparatus according to Claim 2 of the 
present invention comprises: a storage means to which (LXm) 
pieces of addresses are allocated (L,M: integers, 2^L,M); an 
address generation means for generating addresses for writing and 
reading blocks, each block having (LXm) pieces of data as a unit 
to be subjected Lo block interleaving, in/ from the storage means; 
and a control means for controlling the storage means so that the 
storage means switches the operation between the data writing and 
the data reading, by using the addresses generated by the address 
generation means; and the address generation means includes: an 
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address increment value storage means for storing an address 
increment value REG (b) corresponding to a block having a block 
number b (b: integer, l^b) ; a first initial value setting means 
for setting ot (a: integer, 2£ ) as an address increment value 
REG(O) corresponding to a block having a block number 0, in the 
address increment value storage means; a multiplication means for 
multiplying the output value REG(c) (c-b-1) from the address 
increment value storage means by M; a first overflow processing 
means having a first comparison means for comparing the product 
obtained by the multiplication means with a comparison reference 
value LXM-1, and subtracting, as much as possible, the LXM-1 
from the product on the basis of the comparison result to perform 
a calculation equivalent to "c<Xm** (b-x)mod (LXm-1) " (M** (b-x) 
means M (b "°, mod is the remainder, x is an integer, 0<x^b), 
thereby suppressing overflow, and outputting the calculation 
result as an address increment value REG (b) corresponding to the 
block of the block number b to the address increment value 
storage means; an address storage means for storing the n-th (n: 
integer, 1^LXm-1) address Ab(n) in the block of the block 
number b (b: integer, l*b) , and outputting it to an address input 
terminal of the storage means; a second initial value setting 
means for setting the 0th address Ab(0) corresponding to the 
block of the block number b in the address storage means; an 
addition means for adding the address increment value REG (b) from 
the address increment value storage means, to the output value 



Ab(p) (p=n-l) from the address storage means; and a second 
overflow processing means having a second comparison means for 
comparing the sum obtained by the addition means with the 
comparison reference value LXM-1, and subtracting, as much as 
possible, the LXM-1 from the sum on the basis of the comparison 
result to perform a calculation equivalent to " (Ab (n-1) +ocXW** (b- 
xl)mod(LXM-l)", thereby suppressing overflow of the sum, and 
outputting the calculation result as the n-th address Ab(n) of 
the block having the block number b to the address storage means ; 
wherein, when the first comparison means compares the product 
obtained by the multiplication with the comparison reference 
value LXM-1, the first comparison means employs, as a comparison 
reference value instead of the LXM-1, the minimum value A which 
exceeds the LXM-1 and is included in the product. 

In the block interleaving apparatus according to Claim 2 of 
the present invention, since the above -de scribed address 
generation is carried out when writing or reading data in/from 
the storage means, block interleaving operation on a single plane 
of the storage means having a storage area of one block is 
realized, and the circuit scale of the address generation means 
is reduced. 

According to Claim 3 of the present invention, in the block 
interleaving apparatus of Claim 2, the first initial value 
setting means comprises: a first constant generation means for 
generating the a; and a first selector for selecting the ot from 
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the first constant generation means when a reset signal is 
inputted, and outputting it to the address increment value 
storage means; and the first overflow processing means comprises: 
a second selector for receiving the output of the multiplication 
means and the output of the address increment value storage means, 
and selecting the output of the multiplication means at the 
beginning of each block, and selecting the output of the address 
increment value storage means during a period of time other than 
the beginning of the block; a first comparison means for 
comparing the output of the second selector with the comparison 
re f erence value A; first subtraction means for subtracting the L 
Xm-1 from the output of the second selector; and a third 
selector for receiving the output of the second selector and the 
output of the first subtraction means, and selecting the output 
of the first subtraction means when the output of the second 
selector is equal to or larger than the comparison reference 
value, and selecting the output of the second selector when the 
output of the second selector is smaller than the comparison 
reference value; wherein the output of the third selector is 
supplied to the address increment value storage means through the 
first selector during a period of time when the reset signal is 
not inputted . 

In the block interleaving apparatus according to Claim 3 of 
the present invention, since the first initial value setting 
means and the first overflow processing means are constructed as 



described above, a remainder is obtained immediately at a point 
of time where the remainder can be obtained and then 
multiplication by M is carried out, whereby the remainder is 
obtained by power multiplication of the value of M equivalently . 
Therefore, multiplication and remainder calculation do not take 
much time, and address generation is realized even by low-speed 
arithmetic processing. 

According to Claim 4 of the present invention, in the block 
interleaving apparatus of Claim 2, the first comparison means 
employs, as a comparison reference value instead of the minimum 
value A exceeding the LXm-1, a value B which satisfies LXm-KB<A 
and is selected so that the number of logic gates constituting 
the comparison means is minimized. 

In the block interleaving apparatus according to Claim 4 of 
the present invention, since the above-described comparison 
reference value is employed, the circuit area of the first 
comparison means is further reduced, whereby the circuit scale of 
the address generation means is further reduced. 

According to Claim 5 of the present invention, in the block 
interleaving apparatus of Claim 2, the second initial value 
setting means comprises: a second constant generation means for 
generating a value 0/ and a fourth selector for selecting the 
value 0 from the second constant generation means when a reset 
signal is inputted, and outputting it to the address storage 
means; and the second overflow processing means comprises: a 



second comparison means for comparing the output of the addition 

means with the comparison reference value LXM-1; a second 
subtraction means for subtracting the comparison reference value 
lXm-1 from the output of the addition means; and a fifth 
selector for receiving the output of the addition means and the 
output of the second subtraction means, and selecting the output 
of the second subtraction means when the output of the addition 
means is equal to or larger than the comparison reference value, 
and selecting the output of the addition means when the output of 
the addition means is smaller than the comparison reference 
value; wherein the output of the fifth selector is supplied to 
the address storage means through the fourth selector during a 
period of time when the reset signal is not inputted. 

Since the block interleaving apparatus according to Claim 5 
of the present invention is constructed as described above, the 
construction of the second overflow processing means is 
simplified as compared with that of the first overflow processing 
means, whereby the circuit scale of the address generation means 
is further reduced. 

According to Claim 6 of the present invention, in the block 
interleaving apparatus of Claim 2, the values of a and LXm-1 are 
set so that no common divisor exists between them. 

Since the block interleaving apparatus according to Claim 6 
of the present invention is constructed as described above, the 
address generation rule is prevented from failing, and the 




storage means and the address generation means are optimized/ 
whereby block interleaving is achieved with the minimum circuit 
scale. 

According to Claim 7 of the present invention, in the block 
interleaving apparatus of Claim 2, the values of a and M'" x> are 
set so that a is not equal to M^ x> . 

Since the block interleaving apparatus according to Claim 7 
of the present invention is constructed as described above, 
continuous writing of addresses is prevented at the time of 
initial writing, and the storage means and the address generation 
means ar e optimized, whereby block interleaving is achieved with 
the minimum circuit scale. 

According to Claim 8 of the present invention, in the block 
interleaving apparatus of Claim 2, the values of a, L, and M are 
set at 20, 8, and 203, respectively. 

Since the block interleaving apparatus according to Claim 8 
of the present invention is constituted as described above, the 
circuit area of the first comparison means as a component of the 
address generation means is reduced, and the storage means and 
the address generation means are optimized, whereby block 
interleaving is achieved with the minimum circuit scale. 

According to Claim 9 of the present invention, in the block 
interleaving apparatus of Claim 2, the values of (L,M) are set at 
any of 72 possible values as follows: L=96XX (X=l,2,4), 
M=2 ,13; or M=2, 13, L-96XX (X=l,2,4). 



Since the block interleaving apparatus according to Claim 9 
is constructed as described above, the circuit area of the first 
comparison means as a component of the address generation means 
is reduced/ and the storage means and the address generation 
means are optimized, whereby block interleaving is achieved with 
the minimum circuit scale. 

A block deinterleaving apparatus according to Claim 10 of 
the present invention comprises: a storage means to which (LXm) 
pieces of addresses are allocated (L,M: integers, 2^L,M) ; an 
address generation means for generating addresses for writing and 
reading blocks, each block having (LXM) pieces of data as a unit 
to be subjected to block interleaving, in/from the storage means; 
and a control means for controlling the storage means so that the 
storage means switches the operation between the data writing and 
the data reading, by using the addresses generated by the address 
generation means; and the address generation means comprises: a 
multiplication means for generating the product of a (a: integer, 
2< ) and L 0 " 0 (x: integer, O^x^b, b: integer, O^b) , every time a 
block of a block number b is inputted; a first overflow 
processing means having a first comparison means for comparing 
the product obtained by the multiplication means with a 
comparison reference value lXm-1, and subtracting, as much as 
possible, the LXM-1 from the product on the basis of the 
comparison result to suppress overflow of the product, thereby 
outputting an address increment value REG corresponding to the 



block having the block number b; an addition means for 
successively adding the (n-l)th (n: integer, l<n^LXM-l) address 
Ab(n-l) of the block having the block number b, Lo Lhe address 
increment value REG outputted from the first overflow processing 
means, every time the block of the block number b is inputted, 
thereby successively generating the n-th address Ab(n) in the 
block of the block number b; and a second overflow processing 
means having a second comparison means for comparing the sum 
obtained by the addition means with the comparison reference 
value LXM-1, and subtracting, as much as possible, the LXM-1 
from the sum on the basis of the comparison result to suppress 
overflow of the sum, thereby outputting an address to be actually 
supplied to the storage means; wherein, when the first comparison 
means compares the product obtained by the multiplication with 
the comparison reference value LXm-1, the first comparison means 
employs, as a comparison reference value instead of the LXM-l, 
the minimum value A which exceeds the LXm-1 and is included in 
the product. 

In the block deinterleaving apparatus according to Claim 10 
of the present invention, since the above-described address 
generation is carried out when writing or reading data in/from 
the storage means, block deinterleaving on a single plane of the 
storage means having a storage area of one block is realized, and 
the circuit scale of the address generation means is reduced. 

A block deinterleaving apparatus according to Claim 11 of 



the present invention comprises: a storage means to which (LXM) 
pieces of addresses are allocated (L,M: integers, 2^L,M); an 
address generation means for generating addresses for writing and 
reading blocks, each block having (LXM) pieces of data as a unit 
to be subjected to block interleaving, in/from the storage means; 
and a control means for controlling the storage means so that the 
storage means switches the operation between the data writing and 
the data reading, by using the addresses generated by the address 
genera tion means; and the address generation means includes: an 
address increment value storage means for storing an address 
increment value REG (b) corresponding to a block having a block 
number b (b: integer, lib); a first initial value setting means 
for setting oc (a: integer, 2< ) as an address increment value 
REG(O) corresponding to a block having a block number 0, in the 
address increment value storage means; a multiplication means tor 
multiplying the output value REG (c) <c=b-l) from the address 
increment value storage means by L; a firs I overflow processing 
means having a first comparison means for comparing the product 
obtained by the multiplication means with a comparison reference 
value LXm-1, and subtracting, as much as possible, the LXM-1 
from the product on the basis of the comparison result to perform 
a calculation equivalent to "cxXl** (b-x)mod (LXm-1) " (L** (b-x) 
indicates L tb-i °, mod is the remainder, x is an integer, 0^x<b), 
thereby suppressing overflow, and outputting the calculation 
result as an address increment value REG (b) corresponding to the 



block of the block number b to the address increment value 
storage means; an address storage means for storing the n-th (n: 
integer, 1^LXm-1) address Ab(n) in the block of the block 
number b, and outputting it to an address input terminal of the 
storage means; a second initial value setting means for setting 
the Oth address Ab(0) of the block of the block number b in the 
address storage means; an addition means for adding the address 
increment value REG (b) from the address increment value storage 
means to the output value Ab(p) (p=n-l) from the address storage 
means; a second overflow processing means having a second 
comparison means for comparing the sum obtained by the addition 
means with Lhe comparison reference value LXM-1, and subtracting, 
as much as possible, the L><M-1 from the sum on the basis of the 
comparison result to perform a calculation equivalent to "(Ab(n- 
1) +otXL** (b-x) )mod(LXM-l) thereby suppressing overflow of the 
sum, and outputting the calculation result as the n-th address 
Ab(n) corresponding to the block having the block number b to Lhe 
address storage means; wherein, when the first comparison means 
compares the product from the multiplication means with the 
comparison reference value L*M-1, the first comparison means 
employs, as a comparison reference value instead of the LXM-1, 
the minimum value A which exceeds the lXm-1 and is included in 
the product. 

In the block deinterleaving apparatus according to Claim 11 
of the present invention, since the above-described address 




generation is carried out when writing or reading data in/from 
the storage means, block deinterleaving on a single plane of the 
storage means having a storage area of one block is realised, and 
the circuit scale of the address generation means is reduced. 

According to Claim 12 of the present invention, in the block 
deinterleaving apparatus of Claim 11, the first initial value 
setting means comprises: a first constant generation means for 
generating the a; and a first selector for selecting the a from 
the first constant generation means when a reset signal is 
inputted, and output liny it to the address increment value 
storage means; and the first overflow processing means comprises: 
a second selector for receiving the output of the multiplication 
means and the output of the address increment value storage means, 
and selecting the output of the multiplication means at the 
beginning of each block, and selecting the output of the address 
increment value storage means during a period of time other than 
the beginning of the block; a first comparison means for 
comparing the output of the second selector with the comparison 
reference value A; a first subtraction means for subtracting the 
LXM-1 from the output of the second selector; and a third 
selector for receiving the output of the second selector and the 
output of the first subtraction means, and selecting the output 
of the first subtraction means when the output of the second 
selector is equal to or larger than the comparison reference 
value, and selecting the output of the second selector when the 



output of the second selector is smaller than the comparison 
reference value; wherein the output of the third selector is 
supplied to the address increment value storage means through the 
first selector during a period of time when the reset signal is 
not inputted. 

In the block deinterleaving apparatus according to Claim 12 
of the present invention, since the first initial value setting 
means and the first overflow processing means are constructed as 
described above, a remainder is obtained immediately at a point 
of time where the remainder can be obtained and then 
multiplication by M is performed, whereby the remainder is 
obtained by power multiplication of the value of M equivalently . 
Therefore, multiplication and remainder calculation do not take 
much time, and address generation is realized even by low-speed 
arithmetic processing. 

According to Claim 13 of the present invention, in the block 
deinterleaving apparatus of Claim 11, the first comparison means 
employs, as a comparison reference value instead of the minimum 
value A exceeding the LXM-1, a value B which satisfies lXm-KB<A 
and is selected so that the number of logic gates constituting 
the comparison means is minimized. 

In the block deinterleaving apparatus according to Claim 13 
of the present invention, since the above-described comparison 
reference value is employed, the circuit area of the first 
comparison means is further reduced, whereby the circuit scale of 



the address generation means is further reduced. 

According to Claim 14 of the present invention, in the block 
deinterleaving apparatus of Claim 11, the second initial value 
setting means comprises: a second constant generation means for 
generating a value 0; and a fourth selector for selecting the 
value 0 from the second constant generation means when a reset 
signal is inputted, and outputting it to the address storage 
means; and the second overflow processing means comprises: a 
second comparison means for comparing the output of the addition 
means with the comparison reference value LXM-1; a second 
subtraction means for subtracting the comparison reference value 
LXm-1 from the output of the addition means; and a fifth 
selector for receiving the output of the addition means and the 
output of the second subtraction means, and selecting the output 
of the second subtraction means when the output of the addition 
means is equal to or larger than the comparison reference value, 
and selecting the output of the addition means when the output of 
the addition means is smaller than the comparison reference 
value; wherein the output of the fifth selector is supplied to 
the address storage means through the fourth selector during a 
period of time when the reset signal is not inputted. 

Since the block deinterleaving apparatus according to Claim 
14 of the present invention is constructed as described above, 
the construction of the second overflow processing means is 
simplified as compared with that of the first overflow processing 



means, whereby the circuit scale of the address generation means 
is further reduced. 

According to Claim 15 of the present invention, in the block 
deinterleaving apparatus of Claim 11, the values of a and LXM-1 
are set so that no common divisor exists between them. 

Since the block deinterleaving apparatus according to Claim 

15 of the present invention is constructed as described above, 
the address generation rule is prevented from failing, and the 
storage means and the address generation means are optimized, 
whereby block deinterleaving is achieved with the minimum circuit 
scale . 

According to Claim 16 of the present invention, in the block 
deinterleaving apparatus of Claim 11, the values of a and L f " Kl are 
set so that a is not equal to l { " x) . 

Since the block deinterleaving apparatus according to Claim 

16 of the present invention is constructed as described above, 
continuous writing of addresses is prevented at the time of 
initial writing, and the storage means and the address generation 
means are optimized, whereby block deinterleaving is achieved 
with th« minimum circuit scale. 

According to Claim 17 of the present invention, in the block 
deinterleaving apparatus of Claim 11, the values of a, L, and M 
are set at 20, 8, and 203, respectively. 

Since the block deinterleaving apparatus according to Claim 

17 of the present invention is constructed as described above, 



the circuit area of the first comparison means as a component of 
the address generation means is reduced, and the storage means 
and the address generation means are optimized, whereby block 
deinterleaving is achieved with the minimum circuit scale. 

According to Claim 18 of the present invention, in the block 
deinterleaving apparatus of Claim 11, the values of (L,M) are set 
at any of 72 possible values as follows: L=96Xx (X=l,2,4), 
M=2,...,13; or M-2, ...,13, L=96X X (X-1,2,4). 

Since the block deinterleaving apparatus according to Claim 
18 of the present invention is constructed as described above, 
the circuit area of the first comparison means as a component of 
the address generation means is reduced, and the storage means 
and the address generation means are optimized, whereby block 
deinterleaving is achieved with the minimum circuit scale. 

According to Claim 19 of the present invention, there is 
provided a block interleaving method for performing block 
interleaving of data by generating addresses for writing and 
reading blocks, each block having (LXm) pieces of data (L,M: 
integers, 2£L,M) as a unit to be interleaved, in/from a storage 
means to which (LXM) pieces of addresses are allocated, and 
controlling the storage means by using the generated addresses so 
that the storage means switches the operation between the data 
writing and the data reading: wherein a (integer, 2^ ) is given 
as an address increment value REG to a block having a block 
number 0 and, thereafter, the increment value REG is multiplied 
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by M every time the block number increments by 1 and thus 
obtained REG is used as an address increment value REG of the 
corresponding block, and when the address increment value REG 
exceeds LXM-1, the remainder over lXm-1 is used as an increment 
value instead of the increment value REG to repeat the above- 
described processing, thereby performing a calculation equivalent 
to "cxXM** (b-x)mod (LXM-l) M (M** (b-x) indicates M ih ' x) , mod is the 
remainder, and x is an integer, 0£x£b) to obtain an address 
increment value of each block; in the case where Ab(0) is set as 
an initial value ot address in each block and/ thereafter, the 
address increment value REG in this block is successively summed 
to generate addresses Ab(l) to Ab(n) (n: integer, 1^LXm-1) in 
this block, when the address exceeds LXM-1, the remainder over L 
XM-1 is used as an address instead of the address to repeat the 
above-described processing, thereby generating addresses in each 
block; and when calculating the address increment value, decision 
as to whether the remainder is to be obtained or not is made by 
comparing the address increment value with the LXM-1 using first 
comparison means and, at this time, the minimum value A which 
exceeds the LXM-1 and is included in the result of 
multiplication is used as a comparison reference value instead of 

the LXM-1. 

In the block interleaving method according to Claim 19 of 
the present invention, since the above-described address 
generation is performed when writing or reading data in/ from the 



storage means, block interleaving on a single plane of the 
storage means having a storage area of one block is realized, and 
the circuit scale of the address generation means is reduced. 

According to Claim 20 of the present invention, in the block 
interleaving method of Claim 19, the first comparison means 
employs, as a comparison reference value instead of the minimum 
value A exceeding the LXm-1, a value B which satisfies lXm-KB<A 
and is selected so that the number of logic gates constituting 
the comparison means is minimized. 

In the block interleaving method according to Claim 20 of 
the present invention, since the above-described comparison 
reference value is employed, the circuit area of the first 
comparison means is further reduced, whereby the circuit scale of 
the address generation means is further reduced . 

According to Claim 21 of the present invention, in the block 
interleaving method of Claim 19, the values of a and LXm-1 are 
set so that no common divisor exists between them. 

Since the block interleaving method of Claim 21 is 
constructed as described above, the address generation rule is 
prevented from failing, and the storage means and the address 
generation means are optimized, whereby block interleaving is 
achieved with the minimum circuit scale. 

According to Claim 22 of the present invention, in the block 
interleaving method of Claim 19, the values of a and M 1 "* 1 are set 
so that a is not equal to M ( " x> . 



Since the block interleaving method of Claim 22 is 
constructed as described above, continuous writing of addresses 
is prevented at the time of initial wriling, and the storage 
means and the address generation means are optimized, whereby 
block interleaving is achieved with the minimum circuit scale. 

According to Claim 23 of the present invention, in the block 
interleaving method of Claim 19, the values of cy, L, and M are 
set at 20, 8, and 203, respectively. 

Since the block interleaving method of Claim 23 is 
constructed as described above, the circuit area of the first 
comparison means as a component of the address generation means 
is reduced, and the storage means and the address generation 
means are optimized, whereby block interleaving is achieved with 
the minimum circuit scale. 

According to Claim 24 of the present invention, in the block 
interleaving method of Claim 19, the values of (L,M) are set at 
any of 72 possible values as follows: L=96XX (X=l,2,4), 
M=2, 13; or M=2 ,13, L=96XX (X=l,2,4). 

Since the block interleaving method according to Claim 24 is 
constituted as described above, the circuit area of the first 
comparison means as a component of the address generation means 
is reduced, and the storage means and the address generation 
means are optimized, whereby block interleaving is achieved with 
the minimum circuit scale. 

According to Claim 25 of the present invention, there is 



provided a block deinterleaving method for performing block 
deinterleaving of data by generating addresses for writing and 
reading blocks, each block having (LXM) pieces of data (L,M: 
integers, 2^L,M) as a unit to be deinterleaved, in/from storage 
means to which (LXM) pieces of addresses are allocated, and 
controlling the storage means by using the generated addresses so 
that the storage means switches the operation between writing and 
reading of the data: wherein, a (integer, 2^ ) is given as an 
address increment value REG to a block having a block number 0 
and, thereafter, the increment value REG is multiplied by L every 
time the block number increments by 1 and thus obtained REG is 
used as an address increment value REG of the corresponding block, 
and when the address increment value REG exceeds LXM-1, the 
remainder over LXm-1 is used as an increment value instead of 
the increment value REG to repeat the above-described processing, 
thereby performing a calculation equivalent to "aX L** (b-x)mod (LX 
M-l) " (L**(b-x) indicates L lD ' x) , mod is the remainder, and x is an 
integer, O^x^b) to obtain an address increment value of each 
block; in the case where Ab(0) is set as an initial value of 
address in each block and, thereafter, the address increment 
value REG in this block is successively summed to generate 
addresses Ab(l) to Ab(n) (n: integer, l<n£LXM-l) in this block, 
when the address exceeds LXM-1, the remainder over LXM-1 is used 
as an address instead of the address to repeat the above- 
described processing, thereby generating addresses in each block; 
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and when calculating the address increment value, decision as to 
whether the remainder is to be obtained or not is made by 
comparing the address increment value with the LXm-1 using first 
comparison means and, at this time, the minimum value A which 
exceeds the LXm-1 and is included in the result of 
multiplication is used as a comparison reference value instead of 

the LXM-1. 

In the block deinterleaving method according to Claim 25 of 
the present invention, since the above-described address 
generation is performed when writing or reading data in/from the 
storage means, block deinterleaving on a single plane of the 
storage means having a storage area of one block is realized, and 
the circuit scale of the address generation means is reduced. 

According to Claim 2 6 of the present invention, in the block 
deinterleaving method of Claim 25, the first comparison means 
employs, as a comparison reference value instead of the minimum 
value A exceeding the LXM-1, a value B which satisfies lXm-KB<A 
and is selected so that the number of logic gates constituting 
the comparison means is minimized . 

In the block deinterleaving method according to Claim 26 of 
the present invention, since the above-described comparison 
reference value is employed, the circuit area of the first 
comparison means is reduced, whereby the circuit scale of the 
address generation means is further reduced. 

According to Claim 27 of the present invention, in the block 
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deinterleaving method of Claim 25, the values of a and LXm-1 are 
set so that no common divisor exists between them. 

Since the block deinterleaving method according to Claim 27 
of the present invention is constructed as described above, the 
address generation rule is prevented from failing, and the 
storage means and the address generation means are optimized, 
whereby block deinterleaving is achieved with the minimum circuit 
scale . 

According to Claim 28 of the present invention, in the block 
deinterleaving method of Claim 25, the values of a and L'" x> are 
set so that a is not equal to I/" 50 . 

Since the block deinterleaving method of Claim 28 is 
constructed as described above, continuous writing of addresses 
is prevented at the time of initial writing, and the storage 
means and the address generation means are optimized, whereby 
block deinterleaving is achieved with the minimum circuit scale. 

According to Claim 2 9 of the present invention, in the block 
deinterleaving method ot Claim 25, the values of a, L, and M are 
set at 20, 8, and 203, respectively. 

Since the block deinterleaving method according to Claim 29 
of the present invention is constructed as described above, the 
circuit area of the first comparison means as a component of the 
address generation means is reduced, and the storage means and 
the address generation means are optimized, whereby block 
deinterleaving is achieved with the minimum circuit scale. 
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According to Claim 30 of the present invention, in the block 
deinterleaving method of Claim 25, the values of (L,M) are set at 
any of 72 possible values as follows: L=96Xx (X=l,2,4), 
M=2,...,13; or M=2, . . ./13, L=96Xx (X=l,2,4). 

Since the block deinterleaving method according to Claim 30 
of the present invention is constructed as described above, the 
circuit area of the first comparison means as a component of the 
address generation means is reduced, and the storage means and 
the address generation means are optimized, whereby block 
deinterleaving is achieved with the minimum circuit scale . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a block diagram illustrating the structure of a 
block interleaving apparatus according to a first embodiment of 
the present invention. 

Figure 2 is a diagram for explaining an example of data 
writing/reading order in/from a storage unit in the block 
interleaving apparatus of the first embodiment. 

Figure 3 is a block diagram for explaining the reason that 
only one storage unit suffices for the block interleaving 
apparatus of the first embodiment. 

Figure 4 is a diagram illustrating signal waveforms at parts 
of an address generation unit in the block interleaving apparatus 
of the first embodiment. 

figure 5 is a diagram illustrating the structure of a 
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comparator included in a control unit for a storage unit in the 
prior art block interleaving apparatus. 

Figure 6 is a diagram illustrating the structure of a 
comparator included in a control unit for a storage unit in the 
block interleaving apparatus of the first embodiment. 

Figure 7 is a block diagram illustrating the structure of a 
block deinterleaving apparatus according to a second embodiment 
of the present invention. 

Figure 8 is a diagram for explaining an example of data 
writing/reading order in/from a storage unit in the block 
deinterleaving apparatus of the second embodiment. 

Figure 9 is a block diagram for explaining the reason that 
only one storage unit suffices lor the block deinterleaving 
apparatus of the second embodiment. 

Figure 10 is a diagram illustrating signal waveforms at 
parts of an address generation unit in the block deinterleaving 
apparatus of the second embodiment. 

Figure 11 is a diagram illustrating the structure of a 
comparator included in a control unit for a storage unit in the 
prior art block deinterleaving apparatus. 

Figure 12 is a diagram illustrating the structure of a 
comparator included in a control unit for a storage unit in the 
block deinterleaving apparatus of the second embodiment. 

Figure 13 is a diagram for explaining data writing/reading 
order in/from the storage units of the conventional block 
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interleaving apparatus and block deinterieaving apparatus . 

Figure 14 is a block diagram for explaining the reason that 
only one storage unit suffices for the conventional block 
interleaving apparatus and block deinterieaving apparatus . 

BEST MODE TO EXECUTE THE INVENTION 
(Embodiment 1) 

Hereinafter, a first embodiment of the present invention 
will be described with reference to the drawings. 

A block interleaving apparatus and a block interleaving 
method will be described. 

A block interleaving apparatus and a block interleaving 
method according to this first embodiment aim at reducing the 
area or power consumption of a control unit for a storage unit, 
by optimizing an address generation unit included in the storage 
unit . 

Figure 1 is a block diagram illustrating a block 
interleaving apparatus which performs block interleaving of LXm 
pieces of data, according to the first embodiment of the 
invention. In figure 1, leterence numeral 101 denotes an input 
terminal of input data to be block-interleaved by this block 
interleaving apparatus; 102 denotes an input terminal of a head 
input data sync signal (NBLOCKSYNC signal) which is inputted in 
synchronization with each block head input data of the input data 
to be block-interleaved and becomes active at "0"; 114 denotes an 
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input, terminal of a reset signal (NRST signal) for resetting the 
block interleaving apparatus to the initial state at "0"; 106 
denotes an input terminal of a sync signal which is generated for 
every input data; 116 denotes an input terminal of a clock signal 
CLK 2 the frequency of which is twice as high as the sync signal 
(clock signal CLK) which is generated for every input data; and 
112 denotes a control unit for controlling a storage unit 104 in 
accordance with the sync signal supplied from the sync signal 
input terminal 106. The control unit 112 corresponds to a 
control means for controlling writing and reading of data in/from 
a storage means, by using addresses generated by an address 
generation means. Further, reference numeral 103 denotes an 
address generation unit for generating addresses of the storage 
unit 104 on the basis of the sync signal (CLK signal) supplied 
from the input terminal 10 6, the head input data sync signal 
(NBLOCKSYNC signal) supplied from the input terminal 102, and the 
reset signal (NRST signal) supplied from the input terminal 114. 
This address generation unit 103 corresponds to an address 
generation means for generating addresses for writing and reading 
blocks to be block-interleaved, each block comprising (LXm) 
pieces of data, in/from the storage means. Reference numeral 120 
denotes an output terminal from which the addresses generated by 
the address generation unit 103 are outputted. Reference numeral 
104 denotes a storage unit (storage means) in which (LXM) pieces 
of addresses are allocated. The storage unit 104 performs block 
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interleaving by writing the input data from the input terminal 
101 into the addresses generated by the address generation unit 
103 and reading the data, under control of the control unit 112. 
Further, AD, DI, and NWE are an address input terminal, a data 
input terminal, and a write enable input terminal of the storage 
unit 104, respectively. When "0" is inputted to the write enable 
input terminal NWE, the storage unit 104 is placed in the writing 
mode. DO is a data output terminal of the storage unit 104, and 
this is also a data output terminal of the block interleaving 
apparatus. CLK 2 is a clock input terminal of the storage unit 
104, to which a clock signal twice as high as the clock signal 
CLK is inputted from the clock signal input terminal 116- 
Reference numeral 105 denotes an output terminal for outputting 
the data interleaved by this block interleaving apparatus. 

In the address generation unit 103 shown in figure 1, 
reference numeral 110 denotes a constant generator for generating 
a constant M; 113 denotes a register in which an initial value a 
is set; and 111 denotes a multiplier for multiplying an output 
signal from a register 113 by the initial value M- The 
multiplier 111 corresponds to a multiplication means for 
generating a product of a (a: integer, a^2) and M <b " x) (x,b: 
integers, O^x^b, 0^b) every time a block of block number b is 
inputted. Reference numeral 140 denotes an overflow processing 
unit to be used when the output from the multiplier 111 overflows. 
This overflow processing unit 140 corresponds to a first overflow 
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processing means which has a first comparison means for comparing 
the product from the multiplication means with a comparison 
reference value LXm-1, and subtracts, as much as possible, the L 
Xm-1 from the product on the basis of the comparison result to 
suppress overflow of the product, and outputs an address 
increment REG of the block having the block number b. Reference 
numeral 121 denotes a switch (second selector) for selecting 
either an output signal from the multiplier 113 or an output 
signal from a selector 124, according to the NBLOCKSYNC signal 
supplied from the input terminal 102 as a control signal; 122 
denotes a subtracter (first subtracter) for subtracting (LXM-1) 
from the output signal from the selector 121; 123 denotes a 
comparator (first comparison means) for comparing the output 
signal from the selector 121 with (LXm-1); 124 denotes a switch 
(third selector) for selecting either the output signal from the 
subtracter 122 or the output signal from the selector 121, 
according to the output signal from the comparator 123 as a 
control signal; 118 denotes a constant generator (first constant 
generation means) for generating an initial value a; 126 denotes 
a switch (first selector) for selecting either the output signal 
from the constant generator 118 or the output signal from the 
selector 124, according to the NRST signal from the input 
terminal 114 as a control signal, and outputting it to the 
register (address increment value storage means) 113; 128 denotes 
a switch (selector) tor selecting either the output signal from 
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the register 113 or the output signal from a register 127, 
according to the NBLOCKSYNC signal as a control signal; and 127 
denotes a register to which the output signal from the selector 
128 is inputted. 

Further, reference numeral 115 denotes an adder for adding 
the output signal from the register 127 and the output signal 
from the register 117. The adder 115 corresponds to an addition 
means for sequentially generating the n-th address Ab(n) in the 
block of the block number b by sequentially adding the (n-l)th 
address Ab(n-l) of this block (n: integer, l^LXM-1) to the 
address increment REG outputted from the first overflow 
processing means, every time the block of the block number b is 
inputted. Reference numeral 141 denotes an overflow processing 
unit to be used when the output from the adder 115 overflows. 
This overflow processing unit 141 corresponds to a second 
overflow processing means which has a second comparison means for 
comparing the sum from the addition means with the reference 
value LXM-1, and subtracLs, as much as possible, the LXM-1 from 
the sum on the basis of the comparison result to suppress 
overflow of the sum, and outputs an address to be actually 
supplied to the sLorage means. Reference numeral 132 denotes a 
subtracter (second subtraction means) for subtracting (LXM-1) 
from the output signal from the adder 115; 133 denotes a 
comparator (second comparison means) for comparing the output 
signal from the adder 115 with (LXM-1); 134 denotes a switch 
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(fifth selector) for selecting either the output signal trorn the 
adder 115 or the output signal from the subtracter 132, according 
to the output signal from the comparator 13.1 as a control signal; 
119 denotes a constant generator lor generating an initial value 
0; and 130 denotes a switch (fourth selector) for selecting 
either the output signal, from the constant generator 119 or the 
output signal from the selector 134, according to the NBLOCKSYNC 
signal as a control yi.gnul. 

Furthermore, reference numeral 117 denotes a register 
(address storage mean*) in which the output from the overflow 
processing unit 141 is set; and 129 denotes a register which 
retains the data supplied from the data input terminal 101 and 
outputs the data to the storage unit 104. The registers 113,, 127, 
117, and 129 update the retained data at the rising of the clock 
signal CLK that is synchronized with the input data. 

Figure 2 is a diagram schematically illustrating the 
operation of the block interleaving apparatus according to the 
first embodiment of the invention, wherein 4 rows X 5 columns of 
data are subjected to block interleaving. 

The block interleaving apparatus of this first embodiment 
performs block interleaving of data by the following block 
interleaving method. 

To be specific, in this method, addresses to be used when 
writing and reading blocks, each block having (LXM) pieces of 
data to be block-interleaved, in/from a storage means in which <L 
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XM) pieces of addresses (L,M: integers, 2<L/M) are allocated, 
are generated, and block interleaving is performed by controlling 
the storage means so that it switches the operation between data 
writing and data reading, by using the generated addresses. In 
this method, a (integer, 2£ ) is given as an address increment 
value REG to a block having a block number 0 and, thereafter, the 
address increment value REG is multiplied by M every time the 
block number increases by 1, and this product is used as the 
address increment value REG of the corresponding block. When the 
address increment value REG exceeds T.Xm-1, the remainder over LX 
M-l is used as an increment value instead of the increment value 
REG to repeat the above-described processing. Thereby, a 
calculation corresponding to "cxXm** (b-x)mod (LXm-1) " (M**(b-x) 
means M (b " x \ mod is the remainder, and x is an integer, O^x^b) is 
performed to obtain an address increment value of each block. Tn 
the case where Ab(0) is set as an initial value of address in 
each block and, thereafter, the address increment value REG in 
this block is successively summed to generate addresses Ab(l) to 
Ab(n) (n: integer, l<n£LXM-l) in this block, when the address 
exceeds lXm-1, the remainder over lXM-1 is used instead o£ the 
address to repeat the above-described processing, whereby 
addresses in each block are generated. Further, when calculating 
the address increment value, decision as to whether the remainder 
is to be obtained or not is made by comparing the address 
increment value and LXm-1 using the first comparison means and, 



40 



at this time, the minimum value A which exceeds the LXm-1 and is 
included in the above-described product is used as a comparison 
reference value instead of LXM-1. 

Nexl , the operation of the block interleaving apparatus 
shown in figure 1 will be described for the case where block 
interleaving is performed on 4 rows X 5 columns of data shown in 
figure 2 . 

With reference to figure 1, the block interleaving apparatus 
of this first embodiment writes the data inputted from the input 
terminal 101 in the T.Xm data storage unit 104, and reads the 
data from the LXM data storage unit 104, thereby performing 
block interleaving. At this time, in order to perform the 
writing and reading in the orders shown in figures 2(a)-2(j), the 
control unit 112 controls the writing and reading of data in/from 
the storage unit 104 by outputting a control signal to the 
storage unit 104, and the address generation unit 103 generates 
addresses for the writing and reading and outputs the addresses 
to the storage unit 104, thereby generating an output 10b which 
is block-interleaved by a single storage unit having a storage 
area of one block. 

Assuming that the addresses of the storage unit 104 of the 
block interleaving apparatus are allocated as shown in figure 
13(a), initially, REG is set at 2 as shown in figure 2(a), and a 
writing address which increases by 2 for every input data is 
sequentially generated, with address 0 shown in figure 13(a) 



4 1 



being an initial value. At this time, when the writing address 
exceeds 19 (=4X5-1)/ the remainder over 19 is used as an address. 
For example, address 1 is allocated in figure 2(a) as an address 
corresponding to address 2 in figure 13(a). Then, according to 
the writing addresses which are generated under this address 
generation rule, data writing is performed until accesses to all 
the addresses in the block are completed. 

While in the conventional method shown in figure 13(a) data 
are written in the order of 0 - 1 - 2 - ... - 19, i.e., in the 
ascending order of the addresses, in this first embodiment data 
are written in every other address. 

Next, as shown in figure 2(b), the REG is multiplied by 5, 
and an address which increases by 10 (=2X5) for every input data 
is sequentially generated, with the address allocation shown in 
figure 13(a) as a reference, and address 0 in figure 13(a) as an 

initial value. At this time, when the address exceeds 19 (=4X5- 
1), the remainder over 19 is used .as an address. 

Then, in figure 2(b), reading is performed according to the 
addresses generated under the address generation rule, and 
writing is performed on the same addresses and in the same order 
as those for the reading. The reading and writing are continued 
until accesses to all the addresses in the block arc completed. 

Next, as shown in figure 2(c), the REG is multiplied by 5. 
Since the product exceeds 19, the remainder 12 (50- (19X2)) is 
obtained, and this value is used as the REG. 
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Then, an address which increases by 12 for every input data 
is sequentially generated, with the address allocation shown in 
figure 13(a) as a reference, and address 0 in figure 13(a) as an 
initial value, when the address exceeds 19 (=4X5-1), the 
remainder over 19 is used as an address. 

Then, in figure 2(c), reading is performed in accordance 
with the addresses generated under the address generation rule, 
and writing is performed on the same addresses and in the same 
order as those for the reading. The reading and writing are 
continued until accesses to all the addresses in the block are 
completed . 

Thereafter, reading and writing are sequentially performed 
in different address orders, whereby, in this example, the 
address order returns to that shown in figure 2(a) at the point 
of time shown in figure 2(j) . 

By repeating the above-described procedure, block 
interleaving can be carried out using only a single plane of a 
storage unit having a storage area of 1 block, as shown in figure 
3, This block interleaving is realized by contriving, as 
described above, the writing and reading control by the control 
unit 112 and the addresses of the storage unit 104 generated by 
the address generation unit 103. In addition, in this first 
embodiment, the circuit scale and power consumption of the 
address generation unit can be reduced. 

The address generation rule according to the first 
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embodiment is as follows. 

Assuming that the n-th address is Ab(n), the number of rows 
of the storage unit is L, the number of columns is M / the block 
number b is an integer not less than 0, and x is an arbitrary 
integer not less than 0 and not larger than b, 



wherein Ab(0) is 0, c< is an integer not less than 2, and M**(b-x) 
indicates the (b-x)th power of M. 

Accordingly/ in the above example, the first writing is 
performed on every other address by setting a = 2. Although data 
writing in every third or more address is also possible by 
appropriately setting the value of a, a common divisor should not 
exist between a and lXm-1. The reason is as follows. When a 
common divisor exists between a and LXM-1, even though the last 
data amongst the data within the block should be always written 
in address LXM-I, an address becomes lXm-1 in the middle of the 
processing, whereby the address generation rule fails. 

Further, cx should not be equal to the (-X) th power of M. 
This case corresponds to the conventional example and, therefore, 
further reductions in circuit scale and power consumption cannot 
be achieved. 

Hereinafter, a description will be qiven of the address 
generating operation of the address generation unit 103, which is 



Ab (n) = (Ab (n-1) +c<Xm** (b-x) )mod(LXM-l) 



. . . (3) 



Further, 



REG=c<Xm** (b-x)mod (LXM-1) 



required for the above-described wr.iti.ng and reading. 

The address generation unit shown in figure 1 sequentially 
generates addresses of the storage unit 104 by executing the 
address generation rule defined by formula (3) . 

That is, in the address generation unit 103, utilizing that 
" (X+Y)modZ - XmodZ+YmodZ" holds, calculation of the (b-x)th power 
of M in the term "aXM** (b-x)mod(LXM-l) " in " (Ab (n-1 ) +oXm** (b- 
x) (mod(LXM-l) " in formula (3) is executed by repeating 
multiplication of M using the constant generator 110, the 
multiplier 111, and the register 113, and multiplication of a in 
this term and remainder calculation by (L><M-1) are executed 
using the overflow processing unit 140. 

Further, calculation of the term "Ab (n-l)mod(LXM-l) " in 
formula (3) and input of the initial value Ab(0)=0 are executed 
by the overflow processing unit 141. 

Further, addition of the results of the remainder 
calculations in these two terms is executed by the adder 115. 

l-t=re^ 2^ -^^—^^^^^ t-' ita input _nf th*>-^p r v* ±U^>~- 
processing unit 140 and the output of th^e^lector 124. When the 
input data corresponds to the header Ihe block, a block head 
input data sync signal lOZ^xnpxit, and the selector 121 selects 
the output of the multiplier 111. In other cases, the selector 
121 selects tb^output of the selector 124. The output of the 
selector^ll is compared with LXM-1 by the comparator 123. The 
selector 124 receives the output of the subtracter 122 which 
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subtracts LXm-1 from the output of the selector I21^and the 
output of the selector 121. When the compara><rr 123 decides that 
the output of the selector 121 is e quarto or larger than LXM-1, 
the selector 124 selects the output of the subtracter 122. In 
other cases, the selector^4 selects the output of the selector 
121. The output of^trne selector 124 is inputted to the register 
113. In this wa^T when the input to the overflow processing unit 
140 exccodS LXM-1, the overflow processing unit 140 repeats 
subtraction of LXm-1 from the input to keep the value equal to 

yfe - Miidllwi Umi r t.Xm 1, 

The overflow processing unit 140 prevents the numerical 

values from diverging over LXM-1 due to repetition of 
multiplication or addition in the address generation unit 103. 

In the address generation unit 103 shown in figure 1, the 
constant generator 118 generates an initial value "a" and outputs 
it to the register 113. The multiplier 111 multiplies the output 
of the register 113 by the output "M" from the constant generator 
110 and outputs the product to the overflow processing unit 140. 

When the input data to the overflow processing unit 140 
exceeds lXm-1, the overflow processing unit 140 repeats 
subtraction of "LXM-1" by an internal loop until the input data 
becomes equal to or smaller than LXM-1, and outputs the result 
to the register 113. The output of the register 113 is again 
iltiplied by the output "M" of the constant generator 110 by the 
iltiplier 111, and the product is inputted to the overflow 
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processing unit 140. The above-described operation is repeated 
until lXm pieces of data are inputted. When LXm pieces of data 
have been inputted, the register 127 is updated to the output 
value of the register 113 by the block head input data sync 
signal 102. 

Further, the constant generator 119 generates an initial 
value "0" and outputs it to the register 117. The adder 115 adds 
the output of the register 117 and the output of the register 113, 
and outputs the sum to the overflow processing unit 141. 

When the input data to the overflow processing unit 141 
exceeds lXm-1, the overflow processing unit 141 subtracts "LXM- 
1" so that the input becomes equal to or smaller than LXM-1, and 
outputs the result to the register 117. Since the output of the 
adder 115 is limited to maximum lXm-1 or below by the overflow 
processing unit 140 and the output of the overflow processing 
unit 140 itself is also limited to maximum LXm-1 or below, the 
number of subtractions to be executed by the subtracter 132 when 
the input data exceeds LXM-1 is only one time. Accordingly, the 
overflow processing unit 141 does not have a feedback loop such 
as that included in the overflow processing unit 140 and, 
therefore, the overflow processing unit 141 is smaller in circuit 
scale than the overflow processing unit 140, resulting in reduced 
power consumption. 

The register 117 is reset to the initial value "0" by the 
block head input data sync signal 102 when LXm pieces of data 
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have been input, and it is updated for every input data by the 
sync signal 106. 

In this way, the address generation unit generates, with the 
0th address Ab(0) of a block having a block number b being set at 
0, the n-th (n: integer, 0<n) address Ab(n) of this block b from 
the remainder which is left when dividing the sum of the product 
of a (a: integer, 2^ ) and M tb " x> (x; integer, O^x^b) and Ab(n-l) by 
lXm-1, thereby generating addresses of the storage unit 
according to the first embodiment, and the overflow processing 
unit prevents the numerical values in the address generation unit 

from diverging over LXM-1 in the address generation unit due to 
repetition of multiplication or addition, thereby suppressing the 

numerical values to maximum LXM-1 or below. 

Figure 4 shows timing charts of the block interleaving 
apparatus shown in figure 1. To be specific, figure 4 shows a 
clock signal CLK 2 from the input terminal 116, a clock signal 
CLK from the input terminal 106, a reset signal NRST from the 
input terminal 106, an NBLOCKSYNC signal from the input terminal 
102, a reset signal NRST from the input terminal 114, an output 
signal from the register 113, an output signal from the register 
127, an output signal from the register 117, a control signal NWE 
to the storage unit 104, a data input signal DI to the storage 
unit 104, and a data output signal DO from the storage unit 104. 

Hereinafter, the operation of the block interleaving 
apparatus shown in figure 1 will be described in detail with 
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reference to figure 4. Initially, it is assumed that a clock 
signal CLK is applied to the input terminal 106 while a clock 
signal CLK 2, the frequency of which is twice as high as that of 
the CLK, is applied to the input terminal 116. 

At time to, since a signal NBLOCKSYNC supplied from the 
input terminal 102 is at a high level (= value "1"; hereinafter 
referred to as "H"), the selector 121 does not select the output 
of the multiplier 111 but selects the output of the selector 124. 
Although the output value of the selector 12 4 is indefinite, when 
it exceeds LXM-1 (in this example, 4X5-1=19), the selector 124 
continues to select the output of the subtracter 122 until this 
value becomes equal to or smaller than LXM-1. When the output 
value from the selector 124 is equal to or smaller than lXm-1 
from the beginning, the selector 124 selects the output of the 
selector 121 and, therefore, the output of the selector 124 
becomes an indefinite value not larger than LXm-1. 

Further, at time tO, a reset signal NRST supplied from the 
input terminal 114 changes from H to a low level (= value "0"; 
hereinafter referred to as L) , and the selector 126 selects not 
the output of the selector 124 buL the constant a (in this 
example, "2") from the constant generator 118. The output of the 
selector 126 is retained for one clock CLK in the register 113 
before being output from the register 113. However, at time tO, 
the output value from the register 113 remains undefined. 

Further, at time tO, since the NBLOCKSYNC signal is H, the 
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selector 128 selects not the output of the register 113 but the 
output of the register 127. Since the output of the selector 128 
is input to the register 127, the output of the register 127 
remains undefined. 

Further, at time tO, the selector 130 selects not the output 
value "0" of the constant generator 119 but the output of the 
selector 134. Since the selector 134 selects the output of the 
adder 115 or a value obtained by subtracting L><M-1 from the 
output when the output exceeds LXm-1 (in this example, "19"), 
the register 117 is supplied with an indefinite value obtained by 
adding the indefinite value output from the selector 134 and the 
output of the register 127, or a value obtained by subtracting L 
xm-1 from the indefinite value. 

At time tl, a value "2" is outputted from the register 113, 
and it is multiplied by a constant M (= value "5") from the 
constant generator 110 by the multiplier 111. However, at time 
tl, the selector 121 does not select the product. "10". Further, 
the selector 126 selects the constant a (= value "2") from the 
constant generator 118, and this is input to the register 113. 
The selector 128 and the selector 130 select the output of the 
register 127 and the output of the selector 134, respectively, 
like those at time to . These states are the same at time t2 . 

Next, at time t3, the value "2" which was input to the 
register 113 at time t2 is outputted from the register 113, and 
the selector 121 selects the product "10" of this value "2" and 
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the constant M (= value "b") from the constant generator 110. 
Since the comparator 123 decides that this product "10" is 
smaller than LXM-1 value "19"), the selector 124 selects this 
product "10". Since the selector 126 also selects the product 
"10" from the selector 124, this product "10" is input to the 
register 113. 

- Further, the selector 128 selects the output value "2" from 
the register 113, and this value "2" is input to the register 127. 

Further, . the selector 130 selects the constant value "0" 
from the constant generator 119, and this value "0" is input to 
the register 117. 

At time t4, the value "10" which was input to the register 
113 at time t3 is outputted, and the multiplier 111 multiplies 
this value "10" by the output value "5" from the constant 
generator 110, However, the selector 121 does not select Lhe 
product "50" but selects the output value from the selector 124. 
Since the output value from the selector 124 has become "10" at 
time t 3 and the selector 124 selects this value "10" from the 
selector 121, this value "10" is retained in a loop constituted 
by the selectors 121 and 124. Further, since the selector 126 
selects the output of the selector 124, the value "10" is input 
to the register 113. 

Further, the selector 128 selects the output value "2" from 
the register 127 and outputs this to the selector 127. The adder 
115 adds the output value "2" from the register 127 and the 
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output value "0" from the register 117, and the selectors 134 and 
130 select this sum "2" and input it to the register 117. 

Since the output value from the register 117 is "0" , by 
using this as an address of the storage unit: 104, an initial 
value (indefinite value) is read from the storage unit 104 at the 
timing of "H" of a control signal (write enable signal) NWE, and 
the data DO which has been retained in the register 129 from time 
t3 is input to the storage unit 104 at the timing of "L" of the 
control signal (write enable signal) NWE- Although these states 
are identical on and after time tS, since the selector 130 
selects the output of the selector 134 and the output of the 
register 127 holds the value "2", the output from the adder 115 
increments by "2 M every time one CLK signal is input. However, 
when the output from the adder 115 comes to be larger than "19", 
the selector 134 selects the output from the subtracter 132 to 
suppress the value to "19" or smaller. 



) 

"50" from the multiplier lll^€he selector 124 selects the output 



of the subtracter 123 according to the decision of the comparator 
123 and outputs a^alue "31" (= 50-19) . The selector 126 selects 
this value^afid inputs it to the register 113. Further, the 
selec£<5r 128 selects the output of the register 113 and inputs 
4f(^r valu e "10" - to t - frc — regjrs^e r 12Z ^- 

The adder 115 adds the output value "2" from the register 
127 and the output value "19" from the register 117. At time t23, 
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the selector 119 selects not the output from the adder 115 but 
the output value "0" from the constant generator 119, and inputs 
it to the register 117. 

The addresses shown in figure 2(a) are generated by the 
above-described operation from time t4 to time t23. Further, the 
inilial value (indefinite value) is sequentially read from these 
addresses of the storage unit 104 every time a clock CLK is 
inputted, and the data DO to D19 are sequentially written in 
these addresses at every input of clock CLK. 

At time t.24, the register 113 outputs the value "31" while 
the multiplier 111 outputs the value "lbb", and the selector 121 
selects the output value "31" from the selector 124. The 
selector 124 selects the output value "12" from the subtracter 
122 according to the decision of the comparator 123, and the 
selector 126 inputs this value "12" to the register 113. 
S^V/ 5 * cSxiTc^fch e se l e rfn r 128 input s the o utput valnr "in" fyo m-t-he- 
/ smtfiluj. 127 to th o r.nlBi-.tor 127, thio value "10" is reta i ned. 

Further, the adder 115 adds the output value "10" from the 
register 127 and the output value "0" from the register 117, and 
the selector 134 selects the sum "10" according to the decision 
of the comparator 133 and inputs it to the register 117. 

At time t25, the register 113 outputs the value "12" while 
the multiplier 111 outputs the value "60", and the selector 121 
selects the output value "12" from the selector 124. The 
selector 126 inputs this value "12" to the register 113. 
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Since the selector 128 inputs the output value "10" from the 
selector 127 to the selector 127, this value "10" is retained. 

Further, the adder 15 adds the output value "10" from the 
register 127 and the output value "10" from the register 117, but 
the selector 134 selects not the sum "20" according to the 
decision of the comparator 133 but the output value 1 from the 
subtracter 132, and inputs it to the register 117. 

Although these states arc identical on and after time t2 6, 
since the selector 130 selects the output of the selector 134 and 
the output of the register 127 holds the value "10", the output 
of the adder 115 increments by "10" every time one CLK signal is 
input. However, when the output of the adder 115 comes to be 
larger than "19", the selector 134 selects the output of the 
subtracter 132 to suppress the value at "19" or smaller, and this 
is given as an address to the storage unit 104 after one clock 
CLK through the register 117. 

Therefore, the addresses shown in figure 2(b) are generated 
by the operation from time t24 to time t43. Further, the data DO 
to D19 which have been written in the storage unit 104 during the 
period from time t4 to time t23 are successively read from these 
addresses as data DO0 to D019 at every clock CLK, and data D20 to 
D39 are successively written in these addresses at every clock 
CLK . 

Further, at time t44, the output of the register 113 
decreases every time one clock CLK is input, and it is stable at 
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a value "41" (= 60-19), "22" (= 41-19), and "3" (= 22-19). Since 
the register 127 holds the value "12" which was outputted from 
the register 113 at time t43, the output of the register 117 
becomes the remainder which is obtained when dividing an integral 
multiple of this value "12" by the value "19". 

Therefore, the addresses shown in figure 2(c) arc generated 
by the operation from time t44 to time t63 (not shown) . Further, 
the data D20 to D39 which have been written in the storage unit 
104 during the period from time t24 to time t43 are successively 
read from these addresses as data D020 to D039 (not shown) at 
every clock CLK input, and data D40 to D59 (not shown) are 
successively written in these addresses at every clock CLK input. 

Thereafter, by repeating the same operation as above, the 
addresses shown in figures 2(a) to 2(j) are successively 
generated. 

It is possible to change the initial state to any of those 
shown in figures 2(b) to 2(j) by appropriately setting the value 
of x in formula (3) . Also in this case, the state of the block 
returns to the initial state by repeating the above-described 
processing and, thereafter, the same repetition takes place. 

As described above, this first embodiment is able to perform 
block interleaving by using a storage unit having a storage area 
of one block as in the prior art block interleaving apparatus, 
but this first embodiment, realizes a reduction in the circuit 
scale of the address generation unit. 




Hereinafter, this advantage will be described. 

Table 1 shows the transition of the value of the register 
113 when the prior art apparatus is constituted with the same 
circuit structure as that of the first embodiment (i.e., in 
figure 1, the value of c* of the constant generator 118 is set at 
"1" in the prior art while it is set at "2" or more in the first 
embodiment) . 

Table 1 
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Table 1 shows the transition of the value of the register 
113 when L=4 and M«5, i.e., block interleaving is performed on 4 
rows X 5 columns of data. In table 1, "val" indicates the value 
of the register 113, and when the val exceeds the threshold value 
"19" (= 5X4-1), this value is processed by the overflow 
processing unit such that it is decreased to fall within this 
threshold value. 

Further, "overtime" indicates the number of times at which 
the value of the register 113 exceeds the threshold value, 
"maxoverval" indicates the maximum value of the register's values 
which exceed the threshold value, "minoverval" is the minimum 
value of the register's values which exceed the threshold value, 
and "maxval ,# indicates the maximum value of the register's values. 

Further, the 8th to 16th rows on table 1 indicate the 
transition of the value of the register 113 according to the 
prior art (a = 1 in the 5th row) , and the 29th to 37th rows 
indicate the transition of the value of the register 113 
according to the first embodiment (a = 2 in the 2 6th row) . 

For example, in the 8th row, the value of the register 113, 
which has been set at "1", is multiplied by "5" in the multiplier 
110 to be set at "5", and in the 9th row, this value "5" is 
multiplied by "5" in the multiplier 110 to be set at "25". The 
threshold value "19" is subtracted from this value ("25") in the 
overflow processing unit 140 so that this value becomes lower 
than the value "19", resulting in a value "6". 



While in the prior art the minimum value "minoverval" of the 
values of the register 113 which exceed the threshold value is 20 
(= the value of lXm, i.e., the minimum value which exceeds the 
threshold value "19")/ in this first embodiment it is 21, that is, 
larger than that of the prior art. 

The 3rd to 21st rows on table 2 show the calculation results 
of the value of the register 113 in the case where L=8 and M=23, 

that is, block interleaving is performed on 8 rows X 203 columns 
of data. The 8th to 11th rows on table 2 show the calculation 
results of the value of the register 113 according to the prior 
art, while the 18th to 21st rows on table 2 show those according 
to the first embodiment. 

Table 2 
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With reference to table 2, while in the prior art the 
minimum value "minoverval" of the values of the register 113 
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which exceed the threshold value ol the overt low processing unit 

140 i.s "1624" (= the value of lXm, i.e., the minimum value which 
exceeds the threshold value "1623"), in this first embodiment it 
is "1643% that is, larger than that of the prior art. 

In this way, according to the first embodiment, when writing 
or reading data in/trom the storage unit, the first writing is 
performed on every second (or more) address, while in the prior 
art the first writing is performed on every address. Since the 
address order of the first writing is different from that of the 
prior art, the minimum value which exceeds the threshold value 
and is retained in the register 113 becomes equal to or larger 
than that of the prior art. 

Therefore, while the prior art overflow processing unit 
requires a comparator for comparing the values of 1624 and larger, 
the overflow processing unit of this first embodiment requires a 
comparator which compares the input value with "1643" and larger 
values and, therefore, the structure and function of the 
comparator is simplified in this first embodiment. 

As described above, when the threshold value to be compared 
with the input by the comparator in the overflow processing unit 
can be made larger than LXm, the circuit scale of the comparator 
can be surely reduced as compared with that of the prior art. 

Hereinafter, this advantage will be described taking, as an 
example, an apparatus which performs block interleaving on 8 rows 
X 203 columns of data. 



• # 

59 



In. this case, according to the prior art method, the 
comparator 123 in the overflow processing unit 140 must detect 
that the input is equal to or larger than LXm, i.e., 1624. 

Figure b shows the structure ot the comparator in the 
overflow processing unit of the apparatus which performs block 
interleaving on 8 rows x 203 columns of data by the prior art 
method. 

In figure 5, 3311~3319 and 3321~3333 denote AND gates, and 

3336~3339 and 3350~3356 denote OR gates. 

Next, the operation will be described. In order to decide 
that the input I is equal to or larger than "1624", the 
comparator decides that the bit pattern of the input I is equal 
to or larger than "011001011000" which is obtained by expanding 
"1624" to binary digits. At this time, whether the lower three 
bits of the input I are "0" or "1" does not influence the 
decision, and when all of the lower three bits are "1", the input 
value is "1631". Accordingly, by inputting none of the lower 
three bits when deciding that the input value is "1624", the 
comparator can decide that the input value is "1624" — "1631" . 

The AND gates 3311—3319 decide that the input value is 
"1624"~"1631", and the AND gate 3311 — 3314 output "1" when the 
bit pattern from the 12th bit to the 5th bit of the input value 
matches "01100101100". The AND gates 3315—3316 output "1" when 
all of the outputs from the AND gates 3311—3314 are "1", and the 
AND gates 3317 outputs "1" when both of the outputs from the AND 
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gates 3315 and 3316 are "1". Further, the AND gate 3318 outputs 
"1" when the 4th bit of the input value is "1" and the output of 
the and gate 3316 is "1". Further, the AND gate 3319 outputs "1" 
when both of the outputs from the AND gates 3317 and 3318 are "1". 
Accordingly, when the output from the AND gate 3319 is "1", it 
becomes clear that the input value is "1624" — "1631" . 

Likewise, the AND gates 3321—3326 decide that the input is 
"1632"— "1663". The AND gates 332*7 — 3330 decide that the input is 
"1664"~"1791" . The AND gates 3331—3333 decide that the input is 
"1792" — "2047" . Further, the OR gates 3350 — 3356 decide that the 
input is "2048"— "524287" (values up to "524287" are decided 
because maxoverval is "325409") . 

Accordingly, by integrating these results of decisions by 
the OR qates 333 6—3339, the comparator can decide that the input 
value is equal to or larger than "1624". 

As described above, while the comparator of the prior art 
apparatus should decide that the input is equal to or larger than 
lXm, i.e., "1624", the comparator of this first embodiment 
decides that the input is equal to or larger than "1643", as can 
be seen in comparison between the 1st to 11th rows on table 2 and 
the 13th to 21st rows on table 2. 

Figure 6 shows the structure of the comparator in the 
overflow processing unit of the block interleaving apparatus 
according to the first embodiment of the invention. 

In figure 6, 3321-3333 denote AND gates, and 3340—3342 and 
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3350~3356 denote OR gates. 

In figure 6, the comparator ought to decide that the input 
is equal to or larger than "1643". However, since this decision 
is included in the decision ot "1632" and larger values, this 
circuit decides that the input is equal to or larger than "1632". 

initially, the AND gates 3321 — 3326 decide that the input is 
"1632"~"1663" . The AND gates 3327~3330 decide that the input is 
"1664"~"1791" . The AND gates 3331^3333 decide that the input is 
"1792"~"2047" . Further, the OR gates 3350~3356 decide that the 
input is "2048"~"52'1287" (values up to "524287" are decided 
because maxoverval is "329266") . 

Accordingly, by integrating these results of decisions by 
the OR gates 3340~3342, the comparator can decide that the input 
value is equal to or larger than "1632", i.e., "1643". 

The circuit shown in figure 6 requires thirteen AND gates 
and ten OR gates while the prior art circuit shown in figure 5 
requires twenty-two AND gates and eleven OR gates. That is, the 
circuit shown in figure 6 is reduced in circuit scale as compared 
with the prior art circuit because the objects to be compared are 
reduced, resulting in reduced area and reduced power consumption. 

By the way, the block interleaving with L=8, M=203, and a=20 
can be effectively used for error correction in BS digital 
broadcasting . 

In BS digital broadcasting, one data segment to be a target 
of correction by a Reed-Solomon decoder has 203 bytes in a data 
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interleaving apparatus and, if the number of columns in a block 
interleaving apparatus at the transmitting end is 203, the 
correction ability of the Reed-Solomon decoder can be improved 
with the least storage capacity of the interleaving apparatus. 
Further, as the numbers of rows and columns are increased, the 
correction ability of the Reed-Solomon decoder ay dins L continuous 
burst errors is improved. 

Further, a may be an arbitrary integer not less than 2 so 
long as there is no common divisor between cx and LXM-1 and a is 
not equal to M* - *', and the greatest effect is obtained when a is 
20. 

Further, there is a case where the power consumption can be 
reduced according to a principle different from that described 
above . 

Hereinafter, this case will be described. Table 3 shows 
the transition of the values of the register 113 when performing 
block interleaving with L-10 and M=8, i.e., on 10 rows X 8 
columns of data, wherein the transition according to the first 
embodiment is contrasted with that according to the prior art. 
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As is evident from table 3, while in the prior art the 
number of times the value of the register 113 exceeds the 
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threshold value (overtime) is 54, in this first embodiment it is 
reduced to 45. This reduction in the overtime results in a 
reduction in the computational complexity of the overflow 
processing unit 140. Further, while in the prior art the number 
of overflow times of the overflow processing unit 141 is 474, in 
this first embodiment it is reduced to 395, resulting in a 
reduction in the computational complexity of the overflow 
processing unit 141. 

Thereby, reduced power consumption is realized . 

As described above, the block interleaving apparatus 
according to the first embodiment of the invention is provided 
with the LXm data storage unit which generates an output from 
the block interleaving apparatus, the address generation unit 
which outputs addresses to the storage unit, and the storage unit 
control unit which outputs a control signal to the storage unit. 
In the address generation unit, the 0th address Ab(0) of a block 
having a block number b is set at 0, and the n-th (n: integer, 
O^n) address Ab(n) of this block is generated from the remainder 
which is left when dividing the sum of the product of a (a: 
integer, 2* ) and M (b x) (x: integer, 0<x<b) and Ab(n-l) by LXM-1, 
and reading and writing are repeated from/in the generated 
address, thereby performing block interleaving. Therefore, the 
storage unit and the address generation unit can be optimized, 
and the block interleaving can be performed with the minimum 
circuit scale. 
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Further, since the first address and the last address of 
each block are constant, two pieces of data in these addresses 
can be processed simultaneously by allocating a continuous area 
of the storage unit to these addresses, whereby the number of 
accesses to the storage unit is reduced, resulting in reduced 
power consumption of the address generation unit. 

Further, especially when performing block interleaving with 
L=8 and M~203, in the prior art address generation unit disclosed 
in Japanese Published Patent Application No- Hei . 8-511393, the 
Oth address Ab(0) of a block having a block number b is set at 0, 
and the n-th (n: integer, O^n) address Ab(n) of this block is 
generated from the remainder which is left when dividing the sum 
of the product of M*"* 1 (x: integer, 0<x£b) and Ab(n-l) by LXM-1. 
In repetition of this calculation, the target value to be divided 
increases infinitely. So, when implementing this calculation by 
a circuit, the circuit is composed of a multiplier which sets the 
initial value at M <b '*"" 1) , multiplies the input by M, and outputs 
the product to an overflow processing unit 1 (hereinafter 
referred to as a remainder generator 1); the remainder generator 
1 which outputs the remainder obtained by dividing the input by L 
XM-1, to the multiplier and an adder; the adder which adds Ab(n- 
1) to the output from the remainder generator 1 and outputs the 
sum to an overflow processing unit 2 (hereinafter, referred to as 
a remainder generator 2); and the remainder generator 2 which 
generates Ab(n) as the remainder obtained by dividing the input 
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by LXM-1. The remainder generator 1 is composed of a comparator 
and a subtracter for subtracting lXm-1 from the input until the 
input becomes equal to or lower than LXm-1. In this case, since 
the minimum value to be subjected to the subtraction is "1624"/ 
the comparator should be provided with the function of deciding 
"1624" and larger values. 

On the other hand, in the block interleaving apparatus of 
this first embodiment; assuming that a-20, L~8, and M-203, the 
circuit is composed of a multiplier which sets the initial value 
at M (b "*" u X a , multiplies the input by M, and outputs the product 
to a remainder generator 1; the remainder generator 1 which 
outputs the remainder obtained by dividing the input by LXm-1, 
to the multiplier and an adder; the adder which adds Ab(n-l) and 
the output from the remainder generator 1 and outputs the sum to 
a remainder generator 2; and the remainder generator 2 which 
g enera tes Ab(n) as the remainder obtained by dividing the input 
by LXm-1. The remainder generator 1 is composed of a comparator 
and a subtracter for subtracting LXm-1 from the input until the 
input becomes equal to or lower than LXM-1. In this case, since 
the minimum value to be subjected to the subtraction is "1643", 
the comparator is required of the function of deciding "1643" and 
larger values, whereby the area of the comparator is reduced, and 
the block interleaving can be performed with the minimum circuit 
area . 

Further, it is also possible to realize block interleaving 
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by setting the reading address and the writing address at Ab (n) 
and Ab(n-t) (t: natural number, t^LXM-2)/ respectively, and 
repeating reading and writing from/in each address at each point 
of time. 

Furthermore, when Ab(0) is set at p (p: natural number, (3^L 
xm-1), an address Ab(n) may be generated from the remainder 
which is left when dividing the sum of the product of a and M (b " x) 

and Ab(n-l) by lXm-1. 
[Embodiment 2] 

Hereinafter, a second embodiment of the present invention 
will be described with reference to the drawings. 

Initially, a block deinterleaving apparatus and a block 
deinterleaving method according to the present invention will be 
described . 

In a block deinterleaving apparatus and a block 
deinterleaving method according to this second embodiment, an 
address generation unit included in a storage unit is optimized 
to reduce the area or power consumption of a control unit for the 

storage unit, 

figure 7 is a block diagram illustrating a block 
deinterleaving apparatus which performs block deinterleaving of L 
XM pieces ol data, according to the second embodiment of the 
invention- In figure 7, reference numeral 1 denotes an input 
terminal of input data to be block-deinterleaved by this block 
deinterleaving apparatus; 2 denotes an input terminal of a head 
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input data sync signal (NBLOCKSYNC signal) which is inputted in 
synchronization with block head input data of the input data to 
be block-deinterleaved and becomes active at "0"; 14 denotes an 
input terminal of a reset signal (NRST signal) which resets the 
apparatus to the initial state at "0"; 6 denotes an input 
terminal of a sync signal which is generated for each input data; 
16 denotes an input terminal of a clock signal CLK 2 the 
frequency of which is twice as high as the sync signal (clock 
signal CLK) which is generated for each input data; and 12 
denotes a control unit for controlling a storage unit 4 in 
accordance with the sync signal supplied from the sync signal 
input terminal 6, and this control unit 12 corresponds to a 
control means for controlling writing and reading of data in/from 
a storage means, by using addresses generated by an address 
generation means . Further, reference numeral 3 denotes an 
address generation unit for generating addresses of the storage 
unit 4 on the basis of the sync signal (CT.K signal) supplied from 
the input terminal 6, the head input data sync signal (NBLOCKSYNC 
signal) supplied from the input terminal 2, and the reset signal 
(NRST signal) supplied from the input terminal 14, and this 
address generation unit 3 corresponds to an address generation 
means for generating addresses for writing and reading blocks to 
be block-deinterleaved, each block comprising (LXM) pieces of 
data, in/from the storage means. Reference numeral 20 denotes an 
output terminal from which the addresses generated by the address 
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generation unit 3 arc outputtcd. Reference numeral 4 denotes a 
storage unit (storage means) in which (LXM) pieces of addresses 
are allocated, and this storage unit 4 performs block 
deinterleaving by writing the input data supplied from the input 
terminal 1 into the addresses generated by the address generation 
unit 3 and reading the data, under control of the control unit 12. 
Further, AD, DI, and NWE are an address input terminal, a data 
input terminal, and a write enable input terminal of the storage 
unit 4, respectively. When "0" is inputted to the write enable 
input terminal NWE, the storage unit 4 is placed in the writing 
mode. DO is a data output terminal of the storage unit 4, and 
this is also a data output terminal of the block deinterleaving 
apparatus. CLK 2 is a clock input terminal of the storage unit 4, 
to which a clock signal twice as high as the clock signal CLK is 
supplied from the clock signal input terminal 16. Reference 
numeral 5 denotes an output terminal for outputting the data 
deinterleaved by this block deinterleaving apparatus. 

In the address generation unit 3 shown in figure 7, 
reference numeral 10 denotes a constant generator for generating 
a constant L, 13 denotes a register in which an initial value a 
is set; and 11 denotes a multiplier for multiplying an output 
signal from a register 13 by the constant L, and this multiplier 
11 corresponds to a multiplication means for generating a product 
of a (a: integer, 2^ ) and m"*"*' (x,b: integers, 0£x£b, 0£b) every 
time a block of a block number b is inputted. Reference numeral 
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40 denotes an overflow processing unit provided for the case 
where the output from the multiplier 11 overflows, and this 
overflow processing unit 40 corresponds to a first overflow 
processing means which has a first comparison means for comparing 
the product from the multiplication means with a reference value 
lXm-1, and subtracts, as much as possible, the lXm-1 from the 
product on the basis of the comparison result to suppress 
overflow of the product, and outputs an address increment REG of 
the block having the block number b. Reference numeral 21 
denotes a switch (second selector) for selecting one of an output 
signal from the multiplier 11 and an output signal from a 
selector 24, under control of the NBLOCKSYNC signal supplied from 
the input terminal 2; 22 denotes a subtracter (first subtracter) 
for subtracting (LXm-1) from the output signal from the selector 
21; 23 denotes a comparator (first comparison means) for 
comparing the output signal from the selector 21 with (LXM-1); 
24 denotes a switch (third selector) for selecting one of the 
output signal from the subtracter 22 and the output signal from 
the selector 21, under control of the output signal from the 
comparator 23; 18 denotes a constant generator (first constant 
generation means) for generating an initial value oc; 26 denotes a 
switch (first selector) for selecting one of the output signal 
from the constant generator 18 and the output signal from the 
selector 24, under control of the NRST signal from the input 
terminal 14, and outputting it to the register (address increment 
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value storage means) 13; 28 denotes a switch (selector) for 
selecting one of the output signal from the register 13 and the 
output signal from a register 27, under control of the NBLOCKSYNC 
signal; and 27 denotes a register to which the output signal from 
the selector 28 is inputted. 

Further, reference numeral 15 denotes an adder for adding 
the output signal from the register 27 and the output signal from 
the register 17, and this adder 15 corresponds to an addition 
means for successively generating the n-th address Ab(n) in the 
block of the block number b by successively adding the (n-l)th 
address Ab(n-l) of this block (n: integer, l^n^LXM-1) to the 
address increment REG output from the first overflow processing 
means, every Lime the block of the block number b is inputted. 
Reference numeral 41 denotes an overflow processing unit provided 
for the case where the output from the adder 15 overflows, and 
this overflow processing unit 41 corresponds to a second overflow 
processing means which has a second comparison means for 
comparing the sum from the addition means with the reference 
value LXM-1, and subtracts, as much as possible, the LXM-1 from 
the sum on the basis of the comparison resulL lo suppress 
overflow of the sum, and outputs an address to be actually 
supplied to the storage means. Reference numeral 32 denotes a 
subtracter (second subtraction means) for subtracting (LXM-1) 
from the output signal from the adder 15; 33 denotes a comparator 
(second comparison means) for comparing the output signal from 
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the adder 15 with (LXM-1) ; 34 denotes a switch {fifth selector) 
for selecting one of the output signal from the adder 15 and the 
output signal from the subtracter 32, under control of the output 
signal from the comparator 33; 19 denotes a constant generator 
for generating an initial value 0; and 30 denotes a switch 
(fourth selector) for selecting one of the output signal from the 
constant generator 19 and the output signal from the selector 34, 
under control of the NBLOCKSYNC signal. 

Furthermore, reference numeral 17 denotes a register 
(address storage means) in which the output from the overflow 
processing unit 41 is set; and 2 9 denotes a register which 
retains the data supplied from the data input terminal 1 and 
outputs the data to the storage unit 4. The registers 13, 27, 17, 
and 29 update the retained data at the rising of the clock signal 
CLK that is synchronized with the input data. 

Figures 8(a)-8(j) are diagrams schematically illustrating 
the operation of the block deinterleaving apparatus according to 
the second embodiment of the invention, taking, as an example, a 
case where 4 rows X 5 columns of data are subjected to block 
deinlerleaving . 

The block deinterleaving apparatus of this second embodiment 
performs block deinterleaving of data by the following block 
deinterleaving method. 

To be specific, in this method, addresses for writing and 
reading blocks, each block having (LXM) pieces of data to be 
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block-deinterleaved, in/from a storage means in which (lXm) 
pieces of addresses (L, M: integers, 2<L,M) are allocated, are 
generated, and block deinterleaving of data is performed by 
controlling the storage means so that it switches the operation 
between data writing and data reading, by using the addresses 
generated as described above. In this method, a (integer, 2£ ) 
is given as an address increment value REG to a block having a 
block number 0 and, thereafter, the address increment value REG 
is multiplied by L every time the block number increases by 1, 
and the obtained product is used as the address increment value 
REG of the corresponding block. When the address increment value 
REG exceeds lXm-1, the remainder over LXM-1 is used as an 
increment value instead of the increment value REG to repeat 'the 
above-described processing. Thereby, a calculation corresponding 
to aXL** (b-x)mod (LXM-1) (M**(b-x) means M (bx \ mod is the 
remainder, and x is an integer, 0*x*b) is performed to obtain an 
address increment value of each block. In the case where Ab(0) 
is set as an initial value of address in each block and, 
thereafter, the address increment value REG in this block is 
successively summed Lo generate addresses Ab(l) to Ab (n) (n: 
integer, 1^lXm-1) in this block, when the address exceeds lXm- 
1, the remainder over l*M-1 is used as an address instead of the 
address to repeat the above-described processing, whereby 
addresses in each block are generated. Further, when calculating 
the address increment value, decision as to whether Lhe remainder 
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is to be obtained or not is made by comparing the address 
increment value with the LXM-1 using the first comparison means 
and, at this time, the minimum value A which exceeds the LXM-1 
and is included in the above-described product is used as a 

reference value instead of the LXm-1. 

Next, the operation of the block deinterleaving apparatus 
shown in figure 7 will be described taking, as an example, the 
case where block deinterleaving is performed on 4 rows X 5 
columns of data shown in figure 8. 

As shown in figure 8, the block deinterleaving apparatus of 
this second embodiment writes the input: data supplied from the 
input terminal 1 in the lXm data storage unit 4, and reads the 
data from the LXM data storage unit 4, thereby performing block 
deinterleaving. At this time, in order to perform the writing 
and reading in the order as shown in figure 8, the control unit 
12 controls the writing and reading by outputting a control 
signal to the storage unit 4, and the address generation unit 3 
generates addresses for the writing and reading and outputs the 
addresses to the storage unit 4, thereby generating an output 5 
which is block-deinlerleaved by a single plane of a storage unit 
having a storage area of one block. 

Assuming that addresses of the storage unit 4 of the block 
deinterleaving apparatus are allocated as shown in figure 13 <k), 
initially, REG is set at 2 as shown in figure 8(a)/ and a writing 
address which increases by 2 for each input data with address 0 



75 



shown in figure 13 (k) as an initial value, is .successively 
generated. At this time, when the writing address exceeds 19 (=4 
X5-1), the remainder over 19 is used as an address. For example, 
address 1 is allocated in figure 8(a) as an address corresponding 
to address 2 in figure 13 (k) . According to the writing addresses 
generated on the basis of the address generation rule, data 
writing is performed until accesses to all the addresses in the 
block are completed. 

While in the prior art method shown in figure 13 (k) data are 
written in the order of 0-1-2-+. . .->19, i.e. , according to one by 
one address increment, in this second embodiment data are written 
in every other address. 

Next, as shown in figure 8(b), the REG is multiplied by 4, 
and an address which increases by 8 (=2X4) for each input data 
is successively generated, with the address allocation shown in 
figure 13 (k) as a basis and address 0 in figure 13 (k) as an 
initial value. At this time, when the address exceeds 19 (=4X5- 
1), the remainder over 19 is used as an address. 

Then, in figure 8(b), reading is performed according to the 
addresses geueraled on Lhe basis of the address generation rule, 
and writing is performed on the same addresses and in the same 
order as those for the reading. The reading and writing are 
continued until accesses to all the addresses in the block are 
completed. 

Next, as shown in figure 8(c), the REG is multiplied by 4. 
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Since the product exceeds 19/ the remainder 13 (=32-19) is 
obtained, and this value "13" is used as the REG. 

Then, an address which increases by 13 for each input data 
is successively generated, with the address allocation shown in 
figure 13 (k) as a basis and address 0 in figure 13 (k) as an 
initial value- When Lhe address exceeds 19 (=4X5-1), the 
remainder over 19 is used as an address. 

Then, reading is performed according to the addresses 
generated on the basis of the address generation rule, and 
writing is performed into the same addresses and in the same 
order as those for the reading. The reading and writing are 
continued until accesses to all the addresses in the block are 
completed. 

Thereafter, reading and writing are successively performed 
in different address orders. In this second embodiment, at the 
point of time shown in figure 8(j), the address order returns to 
that shown in figure 8(a). 

Repeating the above-described procedure enables block 
deinterleaving using only one storage unit having a storage area 
of 1 block, as shown in figure 9. This is realized by contriving, 
as described above, the writing and reading control by the 
control unit 12 and the addresses of the storage unit 4 generated 
by the address generation unit 3, In addition, in this second 
embodiment, the circuit scale and power consumption of the 
address generation unit are reduced. 
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The address generation rule according to the second 
embodiment is as follows. 

Assuming that the n-th address is Ab(n), the number of rows 
of the storage unit is L, the number of columns is M, the block 
number b is an integer not less than 0 (O^b), and x is an 
arbitrary integer not less than 0 and not larger than b (O^x^b), 
Ab(n) = (Ab(n-l) +c<XL** (b-x) )mod(LXM-l) - . - (4) 

Further, 

REG=aXL** (b-x) mod (L X m-1) 
wherein Ab(0) is 0/ a is an integer not less than 2 (2< ), and 
M**(b-x) indicates M <b " 11 ' . 

Accordingly, in the above example, the first writing is 
performed on every other address by setting the value of a at 2, 
Although data writing in every third or more address is also 
possible by appropriately setting the value of a, a common 
divisor should not exist between a and LXm-1. The reason is as 
follows. When a common divisor exists between oc and LXM-1, 
although the last data amongst the data within the block should 
be always written in address LXM-1, the address becomes LXm-1 in 
the middle of the processing, and the address generation rule 

fails . 

Further, a should not be equal to M l ' x) - This case 
corresponds to the prior art and, therefore, further reductions 
in circuit scale and power consumption cannot be expected. 
Hereinafter, a description will be given ot address 
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generating operation of the address generation unit 3, required 
for performing the above-described writing and reading. 

The address generation unit shown in figure 7 sequentially 
generates addresses of the storage unit 4 by executing the 
address generation rule defined by formula (4) . 

That is, in the address generation unit shown in figure 7, 
by utilizing that "(X+Y)modZ = XmodZ+YmodZ" holds, calculation of 
the (b-x)th power of L in the term "o<Xl** (b-x)modCLXM-l)" in 
" (Ab (n-1) +aXL** (b-x) )mod(LXM-l) " of formula (4) is executed by 
repeating multiplication of L by using the constant generator 10, 
the multiplier 11, and the register 13, and further, 
multiplication of <x and remainder calculation by (LXM-1) in this 
term are execuLed by using the overflow processing unit 40. 

Further, calculation of the term "Ab (n-l)mod (lXm-1) " in 
formula (4) and inputting of the initial value Ab(0)=0 are 
executed by the overflow processing unit 41. 

Further, addition of results of remainder calculations in 
these two terms is executed by the adder 15. 

Jg* w selector 21 i o giv efir Uui input of^feno -ewiILew 
processing unit 40 (output of the mu><£plier 11) and the output 
of the selector 24. When the^input data corresponds to the head 
of the block and the he^d<input data sync signal 2 is inputted, 
the selector 21 s^cts the output of the multiplier 11. In 
other casesytlie selector 7^ selects the output of the selector 
24. Th^'output of th e selector 21 is compared with LXM-1 by the 
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comparator 23. The selector 24 receives the oarfput of the 
subtracter 22 which subtracts LXM-1 fro^the output of the 
selector 21, and the output of the selector 21. When the 
comparator 23 decides that the/6utput of the selector 21 is equal 
to or larger than L><M-ly^he selector 24 selects the output of 
the subtracter 22. other cases, the selector 24 selects the 

output of the selector 21. The output of the selector 24 is 
inputted to yChe register 13. In this way, when the input to the 
overflow'processing unit 40 exceeds LXm-1, the overflow 
processing unit 40 repeats subtraction of LXM-1 from the input 
*■/ ffl^ -frgn^fe m ju n pnf v.-anp -f c p**l >feo or-a «t a - lle J. U*dfl L> <« 1. — 

The overflow processing unit 40 prevents the numerical value 
from diverging over lXm-i due to repetition of multiplication 
and addition in the address generation unit 3. 

In the address generation unit 3 shown in figure 7, the 
constant generator 18 generates an initial value "a" and outputs 
this to the register 13. The multiplier 11 multiplies the output 
of the register 13 by the output "L" of the constant generator 10 
and outputs the product to the overflow processing unit 40. 

when the input data to the overflow processing unit 40 
exceeds LXM-1, the overflow processing unit 40 repeats 
subtraction of "LXm-1" by an internal loop until the input data 
becomes equal to or smaller than LXm-1, and outputs the result 
to the register 13. The output of the register 13 is again 
multiplied by the output "L" of the constant generator 10 by the 
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multiplier 11, and the product is inputted to the overflow 
processing unit 40. The above-described operation is repeated 
until LXM pieces of data are inputted. When L X M pieces of data 
have been input, the register 27 is updated to the output value 
of the register 13 by the block head input data sync signal 2. 

Further, the constant generator 19 generates an initial 
value "0 M and outputs it to the register 17. The adder 15 adds 
the output of the register 17 and the output of the register 13, 
and outputs the sum to the overflow processing unit 41. 

When the input data to the overflow processing unit 41 
exceeds LXm-1, the overflow processing unit 41 subtracts "LXM-l" 
so that the input becomes equal to or smaller than LXm-1, and 
outputs the result to the reyisler 17. Since the maximum value 
of the output from the adder 15 is limited to LXm-1 or smaller 
by the overflow processing unit 40 and also the maximum value of 
the output from the overflow processing unit 40 itself is limited 
to LXm-1 or smaller, the number of subtractions to be executed 
by the subtracter 32 when the input data exceeds LXM-1 is only 
once. Accordingly, the overflow processing unit 41 does not have 
a feedback loop such as that in the overflow processing unit 40 
and, therefore, the overflow processing unit 41 is smaller in 
circuit scale than the overflow processing unit 40, resulting in 
reduced power consumption. 

The register 17 is reset to the initial value "0" by the 
block head input data sync signal when LXM pieces of data have 
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been input, and it is updated for every input data by the sync 
signal 6. 

In this way, the address generation unit generates addresses 
of the storage unit by setting the Oth address Ab(0) of a block 
having block number b at 0, and generating the n-th (n: integer, 
O^n) address Ab(n) of this block from the remainder which is left 
when dividing the sum of the product of a (a: integer, 2^ ) and 
M <b-xi (x . in teger, O^x^b) and Ab(n-l) by LXM-1, and the overflow 
processing unit prevents the numerical value in the address 
generation unit from diverging over lXm-1 due to repetition of 
multiplication and addition in the address generation unit, 
thereby suppressing the maximum value to L.Xm-1 or smaller. 

Figure 10 is a Liming chart of the block deinterleaving 
apparatus shown in figure 7. Figure 10 shows a clock signal CLK 
2 from the input terminal 16, a clock signal CLK from the input 
terminal 6, a reset signal NRST from the input terminal 6, an 
NBLOCKSYNC signal from the input terminal 2, a reset signal NRST 
from the input terminal 14, an output signal from the register 13 
an output signal from the register 27, an output signal from the 
register 17, a control signal NWE to the storage unit 4, a data 
input signal DI to the storage unit 4, and a data output signal 
DO from the storage unit 4. 

Hereinafter, the operation of the block deinterleaving 
apparatus shown in figure 7 will be described in detail by using 
figure 10. Initially, it is assumed that a clock signal CLK is 
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applied to the input terminal 6, while a clock signal CLK 2, the 
frequency of which is twice as high as that of the CLK, is 
applied to the input terminal 16. 

At time tO, since a signal NBLOCKSYNC supplied from the 
input terminal 2 is at a high level (= value "1"; hereinafter 
referred to as "H"), the selector 21 selects not the output of 
the multiplier 11 but the output of the selector 24. Although 
the output value of the selector 24 is indefinite, when it 
exceeds lXm-1 (in this example, 4X5-1=19), the selector 24 
continues to select the output of the subtracter 22 until this 
value becomes equal to or smaller than LXM-1. When the output 
value from the selector 24 is equal to or smaller than LXM-1 
from the beginning, the selector 24 selects the output of the 
selector 21 and, therefore, the output of the selector 24 becomes 
an indefinite value not larger than LXm-1. 

Further, at time tO, a reset signal NRST supplied from the 
input terminal 14 changes from H to a low level (= value "0"; 
hereinatter referred to as L) , and the selector 26 selects not 
the output of the selector 24 but the constant a (in this example, 
"2") from the constant generator 18. The output of the selector 
26 is retained for one clock CLK in the register 13 before being 
output from the register 13. However, at time tO, the output 
value from the register 13 remains undefined- 
Further, at time tO, since the NBLOCKSYNC signal is H, the 
selector 28 selects not the output ot the register 13 but the 
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output of the register 27. Since the output of the selector 28 
is inputted to the register 27, the output of the register 27 
remains undefined. 

Further, at time tO, the selector 30 selects not the output 
value "0" of the constant generator 19 but the output of the 
selector 34. Since the selector 34 selects the output of the 
adder 15 or a value obtained by subtracting LXM-1 from the 
output when the output exceeds LXm-1 (in this example, "19"), 
the register 17 is supplied with an indefinite value obtained by 
adding the indefinite value output from the selector 34 and the 
output of the register 27 , or a value obtained by subtracting LX 
M-l from the indefinite value. 

At time tl, a value "2" is outputted from the register 13, 
and this is multiplied by a constant L (= value "4") from the 
constant generator 10 by the multiplier 11. However, at time tl, 
the selector 21 does not select the product M 8 M . Further, the 
selector 2 6 selects the constant a (= value "2") from the 
constant generator 18, and this is inputted to the register 13. 
The selector 28 and the selector 30 select the output of the 
register 27 and Lhe ouLpuL of the selector 34, respectively, like 
those at time tO. These states are the same at time t2 . 

Next, at time t3, the value "2" which was input to the 
register 13 at time t2 is outputted from the register 13, and the 
selector 21 selects the product "8" of this value "2" and the 
constant L (= value "4") from the constant generator 10. Since 
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the comparator 23 decides that this product "8" is smaller than L 
Xm-1 (= value "19"), the selector 24 selects this product "8". 
Since the selector 26 also selects the product "8" from the 
selector 24, this product "8" is inputted to the register 13. 

Further, the selector 28 selects the output value "2" from 
the register 13, and this value "2" is inputted Lo the register 
27. 

Further, the selector 30. selects the constant value "0" from 
the constant generator 19, and this value "0" is inputted to the 
register 17. 

At time t4, the value "8" which was input to the register 13 
at time t3 is outputted, and the multiplier 11 multiplies this 
value "8" toy the output value "4" from the constant generator 10. 
However, the selector 21 does not select the product "32" but 
selects the output value from the selector 24- Since the output 
value from the selector 24 has become "8" at time t3 and the 
selector 24 selects this value "8" from the selector 21, this 
value "8" is retained in a loop constituted by the selectors 21 
and 24. Further, since the selector 26 selects the output of the 
selector 24, the value "8" is inputted to the register 13. 

Further, the selector 28 selects the output value "2" from 
the register 27 and outputs this to the selector 27. The adder 
15 adds the output value "2" from the register 27 and the output 
value "0" from the register 17, and the selectors 34 and 30 
select this sum "2" and input it to the register 17, 
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Since the output value from the register 17 is "0", by using 
this as an address of the storage unit 4, an initial value 
(indefinite value) is read from the storage unit 4 at the timing 
of "H" of a control signal (write enable signal) NWE, and the 
data DO which has been retained in the register 29 from time t3 
is inputted to the storage unit 4 at the timing of "L" of Lhe 
control signal (write enable signal) NWE. Although these states 
are identical on and after time t5, since the selector 30 selects 
the output of the selector 34 and the output of the register 27 
holds the value "2", the output from the adder 15 increases by 
"2" every time one CLK signal is inputted- However, when the 
output from the adder 15 comes to be larger than "19", the 
selector 34 selects the output from the subtracter 32 to suppress 
the value to "19" or smaller. 

At time t23, when the selector 21 selects the output value 
"32" from the multiplier 11, the selector 24 selects the output 
of the subtracter 23 according to the decision of the comparator 
23 and outputs a value "13" (= 32-19) . The selector 26 selects 
this value and inputs it to the register 13. Further, the 
selector 28 selects the output of the register 13 and inputs its 
value "8" to the register 27, 

The adder 15 adds the output value "2" from the register 27 
and the output value "19" from the register 17. At time t23, the 
selector 19 does not select the output from the adder 15 but 
selects the output value "0" from the constant generator 19, and 
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inputs it to the register 17, 

The addresses shown in figure 8(a) are generated by the 
above-described operation from time t4 to time t23. Further, the 
initial value (indefinite value) is sequentially read from these 
addresses of the storage unit 4 every time one clock CLK is 
inputted, and the data DO to D19 are sequentially written in 
these addresses at every clock CLK input. 

At time t24, the register 13 outputs the value "13" while 
the multiplier 11 outputs the value "52", and the selector 21 
selects the output value "13" from the selector 24. The selector 
24 selects the output value "13" from the selector 21 according 
to the decision of the comparator 23, and the selector 26 inputs 
this value "13" tu the register 13. 

^< J^^giTRre t h e s elector 20 inputs th e- output . value "13" from th e- 
■ c o Loot o ji. 27 to till! mluct u i 1 27/ — this valuo "13 " is- rotainord 

Although these states are identical on - and after time t25, 
since the selector 30 selects the output of the selector 34 and 
the output of the register 27 holds the value M 8'\ the output of 
the adder 15 increases by "10" every time one CLK signal is 
inputted. However, when the output of the adder 15 comes to be 
larger than "19", the selector 34 selects the output of the 
subtracter 32 to suppress the value at "19" or smaller, and this 
is given as an address to the storage unit 4 after one clock CLK 
through the register 17. 

Therefore, the addresses shown in figure 8(b) are generated 
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by the operation from time t24 to time t43. Further, the data DO 
to D19 which have been written in the storage unit 4 during the 
period from time t4 to time t23 are successively read from these 
addresses as data DOO to D019 at every clock CLK input, and data 
D20 to D39 are successively written in these addresses at every 
clock CLK input. 

On and after time t44, the output of the register 13 
decreases every time one clock CLK is inputted, and it is settled 
at "33" (= 52-19) and "14" (= 33-19). Since the register 27 
holds the value "13" which was output from the register 13 at 
time t43, the output of the register 17 becomes the remainder 
which is obtained when dividing an integral multiple of this 
value "13" by the value ,, 19 M . 

Therefore, the addresses shown in figure 8(c) are generated 
by the operation from time t44 to time t63 (not shown) , Further, 
the data D20 to D39 which have been written in the storage unit 4 
during the period from time t24 to time t43 are successively read 
from these addresses as data DO20 to D039 (not shown) at every 
clock CLK input, and data D40 to D59 (not shown) are successively 
written in these addresses at every clock CLK input, 

Thereafter, by repeating the same operation as above, the 
addresses shown in figures 8(a) to 8(j) are successively 
generated. 

It is possible to change the initial state to any of the 
states other than figure 8(a) by appropriately setting the value 
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of x in formula (4) . Also in this case, the state of the block 
returns to the initial state by repeating the above-described 
processing and, thereafter, the same repetition takes place. 

As described above, the block deinterleaving apparatus of 
this second embodiment is able to perform block deinterleaving by 
using a single plane of a storage unit having a storage area of 
one block as in Lhe prior art block deinterleaving apparatus, but: 
the apparatus of this second embodiment realizes reduction in the 
circuit scale of the address generation unit. 

Hereinafter, this advantage will be described with reference 
to table 4. 

Table 4 

1 
2 
3 



12 
13 



17 



22 



L= 8 






M= 203 






a= 1 






overtime 




567 


maxoverval 




12824 


minoverval 




1624 


maxval 




1603 


L= 8 






M= 203 






a= 20 






overtime 




693 


maxoverval 




12967 


minoverval 




1643 


maxval 




1622 



The 1st to 21st rows on table 4 show the calculation results 
of the values of the register 13 in the case where L(— 8) XM(~203) 
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pieces of data (i.e., 3 rows X 203 columns of data) are 
subjected to block deinterleaving. The 8th to 11th rows on table 
4 shows the calculation results of the values of the register 13 
according to the prior art, and the 18th to 2 1st rows on table 4 
show the calculation results of the values of the register 13 
according to the second embodiment. 

When contrasting the calculation results of the prior art 
with those of the second embodiment, while in the prior art the 
minimum value (minoverval) of the values of the register 13 which 
exceed the threshold value of the overflow processing unit 40 is 
"162 4" (= the value of LXM, i.e., the minimum value which 
exceeds the threshold value "1623"), in this second embodiment it 
is "1643", that is, larger than thai oL Ihe prior art. 

In this way, according to the second embodiment of the 
invention, when writing and reading data in/from the storage unit, 
the first writing is performed on every second (or more) address, 
while in the prior art the first writing is performed on every 
address. Since the address order of the first writing according 
to the second embodiment is different from that of the prior art, 
the minimum value which exceeds ihe threshold value and is 
retained in the register 13 becomes equal to or larger than that 
of the prior art. 

Therefore, while in the prior art a comparator which 
compares the input value with "1624" and larger values is 
required, in this second embodiment a comparator which compares 
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the input value with "1643" and larger values is required and, 
therefore, the strucLure and function of the comparator is 
simplified in this second embodiment. 

As described above, when the threshold value to be compared 
with the input value by the comparator in the overflow processing 

unit can be made larger than lXm, the circuit scale of the 
comparator can always be reduced as compared with that of the 
prior art. 

Hereinafter, this advantage of the second embodiment will be 
described taking an apparatus which performs block deinterleaving 
on 8 rows X 203 columns of data, as an example. 

In this case, according to the prior art method, the 
comparator 23 in the overflow processing unit 40 must decide that 

the input is equal to or larger than LXm (i.e., "1624"). 

Figure 11 shows the structure of the comparator in the 
overflow processing unit of the apparatus which performs block 
deinterleaving on 8 rows X 203 columns of data. 

In figure 11, 2311 — 2319 and 2321 — 2333 denote AND gates, 
and 2334~2339 denote OR gates. 

Next, the operation will be described. In order to decide 
that the input I is equal to or larger than "1624", the 
comparator decides that the bit pattern of the input I is equal 
to or larger than "011001011000" which is obtained by expanding 
"1624" to binary digits. At this time, the lower three bits of 
the input I do not influence the decision whether they are "0" or 
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'•1", and when all of the lower three bits are M l"/ the input 
value is "1631" . Accordingly, by inputting none of the lower 
three bits when deciding that the input value is "1624"/ the 
comparator can decide that the input value is "1624"~"1631". 

The AND gates 2311~2319 decide that the input value is 
"1624"~"1631" on the basis of this principle, and the AND gate 
2311~2314 output "1" when the bit pattern from the 12th bit to 
the 5th bit of the input value matches "01100101100". The AND 

gates 2315~2316 output "1" when all of the outputs from the AND 
gates 2311—2314 are "1", and the AND gates 2317 outputs "1" when 
both of the outputs from the AND gates 2315 and 2316 are "1". 
Further, the AND gate 2318 outputs "1" when the 4th bit of the 
input value is "1" and the output of the AND gale 2316 is "1". 
Further, the AND gate 2319 outputs "1" when both of the outputs 
from the AND gates 2317 and 2318 are "1". Accordingly, when the 
output from the AND gate 2319 is "1", it becomes clear that the 
input value is "1624' — '"1631". 

Likewise, the AND gates 2321~2326 decide that the input is 
"1632"~' , 1663" . The and gates 2327~2330 decide that the input is 
"1664"~"1791" . The AND gates 2331~2333 decide that the input is 
"1792"~"2047" . Further, the OR gates 2334 and 2335 decide that 
the input is "2048"~"16383" (values up to "16383" are decided 
because maxoverval is "12824") . 

Accordingly, by integrating these results of decisions by 
the OR gates 2336~2339, the comparator can decide that the input 
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value is equal to or larger than "1624". 

As described above, while the comparator of the prior art 
apparatus should decide that the input is equal to or larger than 
LXM, i.e., "1624", the comparator of this second embodiment 
decides that the input is equal to or larger than "1643", as can 
be seen in comparison between the 3th to 11th rows on table 4 
(prior art) and the 18th to 21st rows on table 4 (second 
embodiment) . 

Figure 12 shows the structure of the comparator in the 
overflow processing unit of the block deinterl eavi ng apparatus 
according to the second embodiment of the invention. 

In figure 12, 2321~2333 denote AND gates, and 2334, 2335, 
and 2340~2342 denore OR gates. 

In figure 12, the comparator ought to decide that the input 
is equal to or larger than "1643". However, since this decision 
is included in the decision of "1632" and larger values, this 
comparator decides that the input is equal to or larger than 
"1632". 

Initially, the AND gates 2321~2326 decide that the input is 
"1632 M ~"I663" . The AND gates 2327 — 2330 decide that the input is 
"1664"— "1791" . The AND gates 2331 — 2333 decide that the input is 
"1792"~"2047" . Further, the OR gates 2334 and 2335 decide that 
the input is "2048"~"16383" (values up to "16333" are decided 
because maxoverval. is "12967") . 

Accordingly, by integrating these results of decisions by 
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the OR gates 2340~2342, the comparator can decide that the input 
value is equal to or larger than "1632", i.e., "1643". 

The circuit shown in figure 12 requires thirteen AND gates 
and five OR gates, while the prior art circuit shown in figure 11 
requires twenty- two AND gates and six OR gates. That is, the 
circuit shown in figure 12 is reduced in scale as compared with 
the prior art circuit because, the objects to be compared are 
reduced, resulting in reduced area and reduced power consumption. 

By the way, the block deinterleaving with L=8, M=203, and a 
= 20, can be effectively used for error correction in BS digital 
broadcasting. 

In BS digital broadcasting, one data segment to be corrected 
by a Reed-Solomon decoder is 203 bytes in a data interleaving 
apparatus and, if the number of columns of a block interleaving 
apparatus at the transmitting end is 203, the correction ability 
of the Reed-Solomon decoder can be improved with the least 
storage capacity of the interleaving apparatus. Further, with 
increase in the number of rows and columns, the correction 
ability of the Reed-Solomon decoder against continuous burst 
errors is improved. 

Accordingly, in a block deinterleaving apparatus at the 
receiving end, by setting L=8, M=203, and a=20, the correction 
ability against the burst errors can be improved with the minimum 
circuit scale. 

Further, a may be an arbitrary integer not less than 2 so 
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long as or has no common divisor with lXm-1 and is not equal to 
M*"*' , but the greatest effect is obtained when a is 20. 

As described above, the block deinterleaving apparatus 
according to the second embodiment of the invention is provided 
with the LXm data storage unit which generates an output from 
the block deinterleaving apparatus, the address generation unit 
which outputs addresses to the storage unit, and the storage unit 
control unit which outputs a control signal to the storage unit. 
In the address generation unit, the 0th address Ab(0) of a block 
having a block number b is set at 0, and the n-th (n: integer, 
O^n) address Ab(n) of this block is generated from the remainder 
which is left when dividing the sum of the product of a (a: 
integer, 2* ) and L (b ' x> (x: integer, O^x^b) and Ab(n-l) by LXM-1, 
and reading and writing are repeated from/in the address so 
generated, thereby performing block deinterleaving- Therefore, 
the storage unit and the address generation unit are optimized, 
and the block deinterleaving can be performed with the minimum 
circuit scale. 

Further, since the first address and the last address of 
each block are constant, two pieces of data in these addresses 
can be processed simultaneously by allocating a continuous area 
of the storage unit to these addresses, whereby the number of 
accesses to the storage unit is reduced, resulting in reduction 
in power consumption of the address generation unit. 

Further, especially when performing block deinterleaving 
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with L=3 and M=203, in Lhe prior art address generation unit 
disclosed in Japanese Published Patent Application No. Hei.8- 
511393/ the 0th address Ab(0) of a block having a block number b 
is set at 0, and the n-th (n: integer, O^n) address Ab(n) of this 
block is generated from the remainder which is left when dividing 
the sum of the product of L' b xl (a: integer, 0<x<1o) and Ab(n-l) by 
LXm-1. In repetition of this calculation, the value to be 
divided by LXM-1 increases infinitely. So, when implementing 
this calculation with a circuit, the circuit is composed of a 
multiplier which sets the initial value at L (b " x " 1} , multiplies the 
input by L, and outputs the product to an overflow processing 
unit 1 (hereinafter referred to as a remainder generator 1); the 
remainder generator 1 which outputs the remainder obtained by 

dividing the input by lXm-1, to the multiplier and an adder; the 
adder which adds Ab(n-l) to the output from the remainder 
generator 1 and outputs the sum to an overflow processing unit 2 
(hereinafter, referred to as a remainder, generator 2); and the 
remainder generator 2 which generates Ab(n) as the remainder 

obtained by dividing the input by LXM-1. The remainder 
generator 1 is composed of a comparator and a subtracter for 

subtracting LXM-1 from the input until the input becomes equal 
to or lower than LXM-1. In this case, since the minimum value 
to be subjected to the subtraction is "1624", the comparator is 
required of the function of deciding "1624" and larger values. 

On the other hand, in the block deinterleaving apparatus of 
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this second embodiment/ assuming that a=20, L=8, and M=203, the 
circuit is composed of a multiplier which sets the initial value 
at the product of i/***" 11 and a, multiplies the input by L, and 
outputs the producl to a remainder generator 1; the remainder 
generator 1 which outputs the remainder obtained by dividing the 
input by LXM-1, to the multiplier and an adder; the adder which 
adds Ab(n-l) and the output from the remainder generator 1 and 
outputs the sum to a remainder generator 2; and the remainder 
generator 2 which generates Ab(n) as the remainder obtained by 
dividing the input by LXm-1. The remainder generator 1 is 
composed of a comparator and a subtracter for subtracting L.Xm-1 
from the input until the input becomes equal to or lower than LX 
M-l. In this case, since the minimum value to be subjected to 
the subtraction is "1643", the comparator is required of the 
function of deciding "1643" and larger values. Therefore, as 
compared with the prior art circuit, the area of the comparator 
is reduced, and the block deinterleaving .can be performed with 
the minimum circuit area. 

Further, it is also possible to realize block deinterleaving 
by setting the reading address and the writing address dL Ab(n) 
and Ab(n-t) (t: natural number, t£LXM-2), respectively, and 
repeating reading and writing from/in each address at each point 
of time. 

Furthermore, when Ab(0) is set at (J (£: natural number, p^L 
XM-1), an address Ab(n) may be generated from the remainder 
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which is left when dividing the sum of the product of a and M <b ' x> 
and Ab(n-l) by LXM-L 

In the first and second embodiments/ emphasis has been 
placed on a block interleaving apparatus and a block 
deinterleaving apparatus which are used for error correction in 
BS digital broadcasting, respectively. However, the first and 
second embodiments may be applied to a block interleaving 
apparatus and a block deinterleaving apparatus for ground wave 
digital broadcasting such as OFDM (Orthogonal Frequency Division 
Multiplex), with the same effects as those achieved by the first 
and second embodiments. 

In this case, the size of one block (LXm data) is any of 
the following 72 ( = 12X6) sizes, 

96X2, 96X3, 96X4, 96X11, 96X 12, 96X 13 

192X2, 192X3, 192X4, 192X11, 192X12, 192X13 

384X2, 384X3, 384X4, 384X11, 384X 12, 384X13 

2X96, 3X96, 4X 96, 11X 96, 12X 96, 13X96 

2X 192, 3X192, 4X 192, 11X192, 12X 192, 13X 192 

2X384, 3X 384, 4X384, 11X384, 12X384, 13X384 

Further, (LXm) pieces of addresses are allocated in the 
storage unit 104 or 4 according to the first or second embodiment, 
respectively. However, a memory of more capacity in which an 
area having (LXm) pieces of addresses is provided, may be 
employed with the same effects as those achieved by the first and 
second embodiments. 
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Furthermore/ the (LXM) pieces of addresses are not 
necessarily allocated consecutively. Also in this case, the same 
effects as those described for the first and second embodiments 
are achieved, 

APPLICABILITY IN INDUSTRY 

As described above, the block interleaving apparatus, the 
block deinterleaving apparatus, the block interleaving method, 
and the block deinterleaving method according to the present 
invention are suited to interleaving operation for changing the 
arrangement of data within a data block to increase the 
resistance of the data to burst errors, deinterleaving operation 
which is the inverse of the interleaving operation, in satellite 
broadcasting, ground wave digital broadcasting, or storage units 
such as hard disks, and further, they are suited to performing 
these operations using a single plane of a storage unit, thereby 
reducing the circuit scale required for address generation and 
reducing the power consumption. 



